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-J FOR PRODUCING MEMBERS OF 

PAIRS 

The present invention relates to methods for 
producing members of specific bin , i i rases v 

5 i ention also % x the hiolc < xiing 

molecules produced by these methods* 

Owing to their high specificity for a given 
antigen, the advent of i Lena i , s (Ko G. 

and iilstein G; 1975 Nature 256; 495} represented a 

10 significant technical .break-through with important 
consequences both scientifically and commercially. 

Monoclonal antibodies are tv illy made by 

establishing an itamortal mam*-,.,, ; n c.C\ . \n>- vhirt-. Ls 
derived from a single immunoglobulin producing cell 

15 secreting one form of a biologically functional antibody 
molecule with a particular specificity. Because the 
antibody-secret ing mammalian cell line is immortal, the 
characteristics of the antibody are reproducible from 
hatch to batch. The key % s of monoclonal 

20 antibodies are their specificity for a particular antigen 
and the reproducibility with which they can be 
manufactured. 

Structurally., the simplest antibody (igS) 
comprises four polypeptide chains,, two heavy (H). chains 

25 and two light (I*) chains intar-conneeted by d ul hid 
bonds (see figure 1)- The light chains esist in two 
distinct forms called kappa (K) and lambda ()?)* Each 
chain has a constant: region <C) and a variable 
region ( V) . Each chain is organized into a series of 

30 domains, The light chains have two domains, 

corresponding to the C region and the other to the V. 
region. The heavy chains have four domains, one 
corresponding to the V region and three domains { 1 , 2 and 
3} in the C region. The antibody has two arms { each arm 

35 being a Fab region}, each of which has a VL and a VH 

region associated with each other. It is this pair of V 

« n the differ from one antibody to 

another ( owing to amino acid sequence variations), and 
which together are res] >nsibis :or i jc it ig the 

40 antigen and providing en antigen binding site ( ABS ) . In 
oven more detail, each V region is made up from three 
complementarity determining regions { CDE } separated by 
four framework regions (FR). The CPE's are the most 
varies* art of the v< bJ agio? , ors 

45 the critical antigen binding function ., The CDR regions 
axe derived from many potential germ line sequences via a 
complex* process involving recombination, mutation and 

It has been .shown that the function of binding 
50 antigens can be performed .by fragments of a whole 

antibody, Example binding fragments are (i) the Fab 
" 'n~ fi * ^a„Cn- < ^j? 

ii trh* 3 si ' scing of the \ and CK3 

domains; (ill) the Fv fragment consisting of the VL and 
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«h fefflini , a exnaie arm of an antibody,. (iv) the dAb 

*ivr.v~. . — 



et s;.. f ;.sa->- •-'^ % : 

\~ ~ PierM, « < > . ^ 

two Feb : fe d by a d suiphiue hri.dg< at the 



are 



3 " Although the two donaias of the Fv fragment 
coded for by separate genes, rt has proved J-asxbie to 
make a synthetic linker that ^--^ a 
^tv-r-e prntft^ chain {known as 3rngr.e chain - - / , 

R.iT er I Science 5^. «3-426 (1988) Huston, 
j « et al.. Free. Natl - Acad ■> Sox. 

(1988)) br o ^ -oos. These scJ; tr ownts 

; ere ^ nes from monoclonal a that had neon 

P^^ x Jf ^nSional antihodiea, their fragments rt 
derivatives have h ' »«ly advantageous, there are 

> * ^ a number of limitations assocaatea with 

Firstly, the therapeutic applications of 
t iced by hu*n 

the treatment of a area 
reoge' of diseases (Clanioai Applications of Honoc.oear 
>, Lennox 

:in 1984. Puslishere Churchill I ~^ 

yields of antibody (approximately 1 pg/mi}. In contrast, 
equivalent rodent cell lines yield hlgn amountj ot 
antibody (approximately 100 ug/ol). .However, the 
Speared administration or these foreign rodent protaxns 
^humans can lead to harmful hypexsensitxvxty raac 
in the main therefore, chase rodent-darxved monoclonal 
antibod es have limit? 

Secondly, a key aspect in the n ' n os 
monoclonal antibodies is hoe sany different crones ut 
> ^ m " ^ 

can be nrasiicaiiy established and sampieo comparac ro 

h£W > tO OO -T„l*»i 

isolate a cell producing antibody wi.1 tn aesrraa 
^<., c -i*i.r.- s - rv ebaracteristi.es (Miisraia, c, eoya^. aoo~ 
Croonian Lecture, Pros, R. Soc Lone ' 1 

figQQU. For essmmle, the number of drtferenr 

a,y one t as t < pmp a,, tor ot 
rhs murine immune system is thought to be approximately 
in? exv'S this is on.lv a small proportion or the potential 
i cities. Kcwavea during the 

^ ^ t via 
desired specificity, the investigator is onxy aois to 
S :^le i€b to " individual > - 
is worse - the huma . where one h -1 
vr ^JJ< ... >.cifi - ;es, with the limitation on sampi.mg 
of 10 3 or 10* remaining* , 

This orobiem has been alleviated to some eaten, rn 
laboratory arrivals by the use of iaoanisatren reputes. 
Thus, where one wants to produce monoclonal anxrhodi.es 
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having a specificity against a particular epitope, an 
anise s asaunisad t - log that 

epitope. The animal will then .mount an icmune response 
jainsl Li bs a prcl isration 

5 of ~< i l the 

epitope. Owing to this proliferation of lymphocytes with 
the desired specificity, it becomes easier to detect them 
in the sampling procedure. However, this approach is not: 
successful in ail cases, as a suitable isanunogen may not 
10 be available. Furthermore, where one wants to produce 
human monoclonal antibodies (eg for therapeutic 
administration as previously discussed 5 , such an approach 
is not practically, or ethically, feasible. 

In the last few years, these problems have in 
15 part, been ad by the application of recombinant 

DMA methods to the isolation ana production of e . a . 
antibodies and fragments of antibodies with antigen 
binding ability,, in bacteria such as E.ooli . 

This simple substitution of immortalised cells 
20 with bacterial cells as the * factory* , considerably 
simplifies procedures for preparing large amounts of 
binding molecules, Furthermore, a recombinant production 
system allows scope for producing tailor-made antibodies 
&nd fx v agmentr reoi 
2S produce ehimaerlc molecules with new combinations of 
binding and effector functions, humanised antibodies 
(e,0, murine' variable regions combined with human 
constant domains or murine-antibody CDRs grafted onto a 
human FR) arid novel antigen- binding molecules. 
30 Furthermore,, the use of polymerase chain reaction c?CH) 
amplification (Salki, R.K., et al.. Science 23.9. , 487-491 
( 1988 } } to isolate antibody producing sequences from: 
cells (e.g. hybridomas and B ceils) has great potential 
for speeding up the timeseale under which specificities 
38 can be isolated. Amplified VH and VL genes are cloned 
directly into vectors for expression in bacteria or 
mammalian cells ( Orlan&i , Bu , et ai » , 1989, Proc, Kati . 
Acad, Sci,, USA 88, 3833-3637; Ward, E.S,, et al,, 1989 
supra; Larrick, J.M., etai.,, 1989, Biochem. Biophys. 
40 Res. Commun. 160, 1250-1255; Sastry, L. et ai . , 1989, 
Proc. Natl. Acad. Sci., USA., 86, 5728-5732). Soluble 
antibody fragments secreted from bacteria are then 
screened for binding activities. 

However,, like the production system based upon 
45 immortalised cells, the recombinant production system 
still suffers from the selection problems previously 
discussed ana chare I: cu red e , an i i\<- i mrnuniis s < n to 
increase the proportion of cells with desired 
specificity. Furthermore, some of these techniques can 
50 esacerhate the screening problems . For example, large 
separate H and L chain libraries have been produced from 
isissuniissd mice end combined together in a random 
combinatorial manner prior to screening (Bus®, W.D. et 
ai., 1989 Selene 1275-1281, mi 3 I 3 4424 

55 and WO9O/14430). Crucially however, the information held 
within each cell, namely the original pairing of one L 
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-h»in w<th one H chair,, is .Lost, This: iocv: r.-.u, or the 
advantage ai ned by using Immunizat « 
animal/ Currently, only libraries derived trom sjngle Vh 
domains (d~bs; Ward., E.S., etal... *yB9, supra.; ao no. 
rback. However, beca so 5 >t 

j r< k.v s to 

be t ion the problem of directly 

screening easy different spsci ficiri.es in prokaryotes 

s tc Oi BOlVBd, . . . 

Tims, there Is a need for - « 3 vm " 

r n i oi tes'or o\ :on o i > or 
sss . The ides 

samplinc of vsry large numbers of sp©ox*zCX***» leg 10 

~ - - | Ki 

ran id transfer of the genetic material coding tor the 
binding .molecule from arm stage of the production 
nmcesi, to the next stage. , 
The most attract ire candidates for rhis 'type or 
sereenr v nfcaryol - 

,.. c ,, auiokiv. are relatively simple to manipulate ana 
because large nuatbers of clones can be ex i aires ^ 
express and." display at their surface a t K I oxraing 
domain ecu an antibody, receptor, > tc. In^ha UK 

caterer GB 2137531B methods for the co-expression xn a 
single host cell of the variable K and L chain genes ot 
immunoglobulins were disclosed- However, the protexn was 

x eld a rly and was insoluble, further, 
the protein reqn : 

antibod hth binding activity ami tms 

ener a t ec text w i - on < ^ ' - 1 ' 

active _ . 

ent'j ion. It has already been show 
fr^enremts can be secreted through baoterrai sise.oranee 
with the K - and 

1988 S ^ith - con 

in the bindina activity of antibody fragments. inese 
mo-thods reeuire screening of individual clones lor 
binding activity in the same way as do mouse monoclonal 

antibodies, { „ 

& hov nevxo 

bindincr domain eo en antibody, antibody fragment, 

cterial 
ices sat rts 
antigen binding properties and selection tor crones wxtn 
desirable eroosrxies. In large part, thrs rs Because the 

t- r cc h ; 
grm negative ^ n * ! * 

rrhej ^rioi S < J 

been shown that eg an antibody domain will tola correctly 
when expressed as a fusion with a surface protexn or 
bacteria or i ctex >phege. x . 

Bacteriophage are attractive proaaryole % 
~* ~» ™ - ^ nc ' ^ thexr 

surface is a relatively simpxe structure, tney can as 
grown easily in large numbers, they are amenable to the 
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practical handling involved in many potential sass 
screening programmes, and they carry genetic information 
fox th i< a ssiisll, siEj ursag 

The difficulty has fe-„cr. to ^ " V solve 

5 e€ hew to use ^ccu > in this manner \ C ^n^x 

Corporation, patent application number WO- 3/ 06 030 has 
proposed that t e bacteriophag v. i he 3 

suitable vehicle fox the expression of antibody 
molecules, -but they do not provide a teaching which 

10 enables the general idea to be carried out. For example 
MOSS/06630 does not demons ti t * k 
have been expressed as a fusion with gene V; (b) have 
been expressed on the surface of lambda? and fee have 
been expressed so that the protein retains biological 
15 activity. Furthermore there is no teaching on how to 
screen for suitable fusions. Also, since the lambda 
virions are assembled within r.hs cell, the fusion protein 
would o i «ntrace* lularly end ® d 3d si id 

to fee inactive. Sass et al». In December 1990 describe 

20 deleting part of gone III of the filamentous 

* i e :U»> as I - m^r- i.nq the coding sequence for 

human growth hormone (hGH) into the ^-terminal site of 
the asne, The orovth hormone displayed by Ml 3 was shown 
to foe functional., (Bass, S., at el. Proteins, 

25 Structure, Function and Genetics (1990) £s 309-314), A 
functional copy of gene 1X1 was always present in 

. fusion was expressed. 
Engineering Corporation patent application $090/02809 
proposes the. insertion of the coding sequej 

30 pancreatic trypsin inhibitor (BFTI) into gene VXXI of 
M13« However, the proposal was not shown to be 
operative. For example, there is no demonstration of the 
expression of BPTI sequences as fusions with protein VXXI 
tend display on the surface Oi MX 

35 document teaches that when a fusion, is made with gene 
III, it is necessary to use a second synthetic copy of 
gene 111, so that some unaltered gene 111 protein will be 
present, The embodiments of the present application do 
not lc this. In embodiments where phagemia is rescued 

40 with Ml 3RD 7 gene III deletion phage, there is no 
unaltered gene XXX present. 

PG90/Q2809 also teaches that phagemids that do not 
contain the full genome of Hi 3 and require rescue by 
coin ro< -his pnae a not suitabJ thf»~t 

45 purposes because reinfection could lead to recombination. 

In ail embodiments where the present applicants 
have used phagemids, they have used a helper phage and 

Xy sequences derive rem fi ntou on z i ophags 
in the phagemids are the origin of replication and gene 

50 111 sequences. 

WO90 O t chat their process needed 

information such as nucleotide sequence of the starting 
molecule and its three- -dimensioned structure. The use of 
a pre-existing repertoire of binding molecules to select 

53 for a binding "member, such as Is disclosed herein, for 
example using an immunoglobul in gene repertoire of 
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animals, was not di > not discuss 

favouring variegation of their bind xng jnoxecuxes .in 
"u.»:rfi- bxoo^ or - - 

irnnsisnoglobulins, in order to iavo«r genera, ^.o,, o.^ 
5 improved molecules and prevent 

rificalli c *=ion of 

r * - ore o« ^ 3 co h 

« n< 3 u09d ' ztQin proposed for display is a 

in ua. fnere is no disclosure of a 

^t:b; £oi > i Play of * dimes noleerd 
expression of one 

protein and the other protein in a rm« 
another disclosure publ 
15 the nsertios 5 ? . VIII of M13 

for one of the two chains of the Feb portion of an 
ant.O c 3 wifh :;o <o pr« si ... th 

The rwo ob in we d ?® < 

ru ., - rragnon-c ci 

20 A,S* ex al», (1991) Free* Natl. Acad.- Sox,, .... ' ■ ■ ■ - 

43&i w s made of tl txx ) ! n rtxon 

into gene vm and the assay for pAb binding activity j^y 
aaoen 

then for phage. A further disclosure pur. 
2>~ 19 q insertion of a fragment of tee AXS*& 

vir« to the terminal portion of gene ill 

of the ggressxon of the g 

^•• ot ^r~ f^-«gmmnr was detected by issmuno logical, memoes, 
lut i * > whether or not the protein was 

30 e a a functional form (Tsrouftetsugu-Yokota Yet 

alt <19< I §5 3- .. _ 

The problem of how to use bso x > d t - 

w^v is in fact a difficult one, the protein must fee % 
inserted vote the phage in such a way that the ore 
as q* the ohaae coat is not undermined, and the protein 

..xng its biological 
btndxng. ' 

vx ,r; ihr.b..e is an antibody, it enoaia i 

Affioientlv and correctly and be presentees tor antxgen 
40 hindinoo Solving the problem for antibody molecules ana 
true won provide a gen* ^ any 

Locale which is a member of a speed Lhio Mnaing paxr 
a.cr receptor molecules and ensymes. 

45 construct a bacteriophage tost expresses ana cxspxoy* at 
its surface a large biologically runctxonal oxnd.xng 
molecule (eg antibody fragments, and enaymes and 
receptors) and which remains intact ana lazecuous. -n.,^ 
is d« 

en :n incorporated bv reference. Readers of the present: 

d0 c 1047 fo lied 

sres used in the 
experiments described Ostein. The appi leasts have caireo 
t ^ e n; j -as a virus particle and a 

SS bind t ayed a. the c;.. - risee a _ 

'package'- Where the binding saolacuie is an antibody, an 
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antibody derivative or fragment,, or a domain that is 
homologous to an immunoglobulin domain, the applicants 
call the package a 'phage antibody' { pAfo } . However, 
except where the context demands otherwise, where the 
S term phage antibody is used generally, it should also be 
interpreted as referring to any package comprising a 
vims psruiele and e biologically functional binding 
molecule displayed at the viral surface, 

pAbs have a range of applications in selecting 

10 antibody genes encoding antigen binding activities. For 
example, DAbs could fee used for the clonic I cue of 
hybridomaa {Orlandi, H - , st al (1989 5 Ptt&S 86 p3S33 •• 
3837), ana in the screening of large combinatorial 
libraries (such as found in Huse, W.D. et ai« , 1989 .< 

IS Science 246, 1275-1281}. In particular, rounds of 
selection using pAfos may help in rescuing the higher 
affinity antibodies from the latter libraries. It may be 
preferable to screen small libraries derived from 
antigen -selected cells {Casali, P., si ai., {1986} 

20 Science 234 p476~479) to rescue the original VH/VL pairs 
comprising the Fv region of an antibody. The uae of pAbss 
may also allow the construction of entirely synthetic 
antibodies. Furthermore, antibodies may he made tsrhich 
have sow synthetic sequences e.g. CDRs, end some 

25 naturally derived sequences . For example, V-gene 
repertoires eouXd be made in vitro by combining un» 
rearranged V genes,, with D and 3 segments. Libraries of 
pAbs could then be selected by binding to antigen, 
ypermutat j > * c < <v > binding ops or V 

30 domain framework regions, and subjected to further rounds 
of selection and mutagenesis. 

As previously discussed, separate H and l» chain 
libraries lose the original pairing between the chains. 
It is difficult to make and screen a large enough library 

3$ for a particularly advantageous combination of H and L 
chains » 

For example, in a mouse there are approximately 10' 
pose idle H chains and 10'' possible 1 chains. Therefore, 
there are 10 14 possible com! inatJ ns of K arid h chains, 
40 and to test for anything like this number of combinations 
one would have to create and screen a library of about 
1D H clones. 

The present invention provides approaches which 
ameliorate this problem, 

45 In one approach as large a library as is 

practically possible is created which expresses as many 
of the ID 14 potential combinations as possible * However , 
by v v o s hi sspression of he B ana L chain a th 
surface or the phage, it is reasonably practicable to 

50 select th re c 5 .. gaa - 

combinations by affinity x.stchs\iq'j.&s (see later for 
description of selection formats > . 

In. an approac c Lied i pel aria.3 
approach by the ores* j ary as 

55 created from two smaller libraries for selection of the 
desired combination, The approach involves the creation 

'substitute sheet 
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at: (I) a first library of say 10' e.g. H chains whxcn are 

: 5 v 

Tecrnovciirao and <i i a second library oi say to, e.g. L 

ir , Jtv * U y : t tCfh ^ . 

c > -..iihi..u , rn-:tod vector and are - r 

oaes }f a t > <> n 

i abrarv . . cd to infear the bacteria , - a 

th* second library to provide 1G 1 * combinations of h and h 
chains on the surface of the resulting phage in the 
bacterial supernatant. . 

cage of this approa.cn as mat two 
i "of eq 3 create or to 

10" comb > 10 ib a 

practical possibility. ^ , . _ ^ 

5.x rhs 

selection (see latex- for description of selection 

tos< « e his 

tion will then produce a pop 

j rticular cor , * of H and a chains 
airy, The t 

i . It wlU only contain DMA encoding on© partner or 
the paired H and L chains. The sample eluate containing 

i exon is then livided itxi tvo port ;< a 
first portion is grown on e.g. t« 
select i 

chains which are involved in the d< 

* ; : grow* on e.g. ampicillxn plates vo 

select: those bacterioohaye containing phagemxc Dh,^ 
v « .ai. » ^a 

< . A set of colonies from xac 
isolated clones e.g. from the tetracycline plates are 
then used to infect specific colonies e.g. xvaa the 
asmicillin plates, This results in 

esx; <. nominations of K and L chains which 
can ohen be assayed for antigen binding. 

5 < 3 calls s 

2C b n ion an; iach ox iato 

aopliaanasto an individual colony free art her tot ; . ... 
,,h,,n. -.toone selected by growth on the ^ I or. p..:. ye?.- 
is used to infect a complete library or clones aneoomg 

her chain (H or L). Select ion is as oescrxoeo 
above. This favours isolation of the most favourable 
action. .. 

Phaaemids have been canto onaa aaove, ine 
apoiicsors huv< realised ana 

* a. r^to.- ' to i > 
antibodies because it is easier to use rnem to generate 

. , v , , , , . „ of one i 

This is because the pbagestod DMA xa approximately o..to 
-cute core * - s 

~ranstooroi.no bacteria see e mpie ¥ c -A u ( 
Use tr- a ^ c an ~ ^ w 1 

namhe-'- of aeoe III binding molecule fusion proteins 
disoiaved on the. surface of the bacteriophage (see 

lo 1 a, *0 .2 For example, in a system 
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comprising a bacterial eel! containing a phagemid 
encoding a gene HI fusion protein and infected with a 
helper phase, induction of expression of the gene III 
fusion protein so different extents, will determine the 
5 number of gene III fusion proteins present in the space 
defined between the inner and outer bacterial membranes 
following superinfection. This will determine the ratio 
of gone 1X1 fusion protein to native gene ill protein 
displayed by the assembled phage. 
10 Expressing a single fusion protein per virion may 

aid selection of antibody specificities on the basis of 
affinity by avoiding the ! avidity 1 effect where a phage 
expressing two copies of a low affinity antibody would 
have the setae apparent affinity as a phage expressing one 
15 copy of a higher affinity antibody. In some cases 

however,, it will be Important to display all the gene III 
molecules derived by superinfection of ceils containing 
phagemid s to have fusions (e.g. for selecting low 
affinity binding molecules or improving sensitivity on 
20 ELISA } . One way to do this is to superinfect with a 

which contains a defective gene XXX. The 
applicants have therefore developed and used a phage 
which is deleted in gen© XXX, described in wo S 2/01047. 
The demonstration that a functional antigen* 
25 binding domain can be displayed ox* the surface of pi 
has f set ion of novel 

antibodies. ' For example, if other protein domains can be 
displayed at the surface of a phage, phage vectors could 
he used to clone and select genes by the binding 
30 properties of she display? ; protein. Furthermore, 

variants of proteins, including epitope libraries built 
into the surface of the protein, could be made end- 
readily selected for binding activities. In effect, 
other protein architectures might serve as "nou veils'* 
35 antibodies - 

The technique provides she possibility of building 
antibodies from first: principles, taking advantage of the 
structural framework on which the antigen binding loops 
fold. In general, these loops have a limited number of 
40 conformations which generate a variety of binding sites 
by alternative loop combinations and by diverse side 
chains. Recent successes in model ling antigen binding 
sites augurs well for de novo design. In any case, a 
high resolution structure of the antigen is needed. 
45 However, the approach is attractive for making e.g. 

catalytic antibodies, particularly for small substrates . 
Hers side chains or binding sites for prosthetic groups 
might be introduced, not only to bind selectively to the 
transition state of the substrate, but also to 
50 participate directly in bond .making and breaking. The 
only question is whether she antibody architecture, 
specialised for binding, Is the best starting point for 
building catalysts. Genuine enzyme <„ such 

as the trioae phosphate isomer&se (TIM) barrel, might be 
58 more suitable. Like antibodies, TIM enzymes also have a 
framework structure (a barrel of 8-strands and a-heiioes) 
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and loops to bind substrate. Many enzymes /xth a 

architecture and the loops might be raupu i. ateo 

.oik* t-r = as* tn , r ne.< 

a n , ^^nt — ^a on a-d 

to'snla 1 3*ivxt±« v ^ 

'CCDS ' 

or a SIM barrel frainework. Loops placed on. a e.ga a iXfc 
barre 3 - 1 *nutagenesxa 

and sub ieeted to further selection- Thus, there is no 

, * far high affinity binding activities an a 

Pinole s*ep. The strategy of the isaenane system,, m -which 
ff ,n 

reaHstic and can be mimicked using thin invention.^ 
} s that :ould be userui in 

this tvg * ^ N 

or the surtac* of 
- nhana ruck „h ^ uld u ~ its ironJ She 
20 receptor could than be modified by, for : 

tod. The sei > may oe carxneo 
out according to one or mora of the formats dascrxfeaa 
.below. Altm&tAvelY? t;he phage-reeeptsGr could be used as 
the : asxs c 

iicands, altered Uganda, or potc: i 
The advantages of this syste 
convenient expression., c 
30 handling makes tan drag screening apn.Ueaarun 
particularly attractive. In the c o 
discussion, receptor sseans a molecule -nat einds a 

i<s). The natural 
^Eaoe or a 
a - ell or i t could be the esrac 
an of such a nolecul* (whether such a f< 

lly or not:, ^ aoleeuie perforating a 

natural binding function in the plasma., or wxtnxn a car,. 
c« v "" organ* 

mother possibility, is the display of an enryme 
molecule or active site of. an enzyaw molecule on the 

esprease 5 
he selected 'by affinity chrom " * t 1 snce °" 
columns derivahined with transition stats analogues, ti 
an ensvroe with a different or modixxeo sneer txcxei; xs 
a e '-: ^ m«v be nonaible to mutate an enzyme < , - < 

srxvatxsed with an a c ed to have xgtx 

50 affinity for an entyoe with the desires nodxtxed 
specificity. 

Uthouah thron to tni : 
, ; „ r i ir r. n : :r gi^cuss the possibility of. screening for 
" , ^ variants of pAhs, they recognise that in 

55 sots - ' 

chromatography (Ohlson. S. et ai Anal, sxochem. 169, 
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D204-20S (1938) }, it may foe desirable to isolate lower 
affinity variants. 

pAfes also alios* the selection of ant x bodies for 
improved stability, it has been noted for many 

5 XiXli Z XX^ IS . ^ . * ^ = .a ^ ^ 

the antibodies are expressed at 30 8 C rather than 37*€h 
If pAfos are displayed at 3? !> C, only those which are 

i i I When 

antibodies are to be used in vivo for therapeutic or 
10 diagnostic purposes, inca s N litj would extend the 

half -life of antibodies in circulation. 

Although stability is important for all antibodies 
and antibody domains selected using phage, it is 
particularly important for the selection of Fv fragments 
15 which are formed by the non-eovalent association of VB 
and VL fragments, *Fv fragments have a tendency to 
dissociate aod have a much reduced half- life in 

rre lisp! r/ad on :he surface of phage, by the association 

20 of one chain expressed as a gene lit protein fusion with 
the complementary chain expressed as a soluble fragment, 
if pairs of chains have a high tendency to dissociate, 
they will be much less likely to be selectee - phos , 
Therefore, the population will be enriched for pairs 

25 which do associate stably, although dissociation is leas 
of a problem with Fab fragments, selection would also 
occur for Fab fragments which associate stably. pAhs 
allow selection for stability to protease attack, only 
those pAtos that ere not cleaved by proteases will foe 

30 capable of binding their ligand and there* • p 

of phage will be enriched for those displaying stable 
antibody domains . 

The technique oi d splaying bind sales on 

the phage surface can also be used as a primary cloning 

35 ( t-'c example, a cDNA Ixhxa- can >e c s 1 " 

and inserted into the bacteriophage sad this phage 
library screened for the ability to bind a ligand. The 
ligand /binding .molecule combination ooul d .include any 

las with an specif leal to 

40 one another e.g. receptor/ ligand , enzyme/ substrate (or 

_ ac nord etc, 
I f one member of the cos pa vail able , 

this may be a preferred way of isolating a clone tor the 
other member of the pair, 

45 It will often be necessary to increase the 

diversity of a population of genes cloned for the display 
of , M tS L v < 

nucleotide sequence. Although in vitro or in vivo 

n itagsnasis techniques could ba used tor eithex purpose 

SO a particularly suitable method would be to use mutator 
strains. A curator strain is a strain uhicxi contains a 
genetic defect versa, can < s I * re within it to 

be mutated with respect to its parent DMA , Hence if a 
pc niiatis of < < ns ill fusions is introduced 

55 into these strains it will be further diversified and can 
then be transferred to a hon-mutator strain, if desired. 
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: a particular 
rget call was 



for display and selection, 

raraeu.- „ rang 2ii . , 

2. 222 n. ;. and novel set , applications as^es use 

c ~ rh e binding orote in on the phage to target the phage 
5 genome to a particular cell or group of eel la. For 

e V ^pl» a psb soseifio for a ceil surface molecule eoula 

- rget call v a the surface 
rn ^.- u ia fne ohaq < sulci then b> J nostra 1 sxti 
roach the ae on" h« - center the 
ID result of another event (e.g. an el ' ^ ar ^f 

sucl as in the i 

action, ssed if the * eontroi 

siqa~cv o -z > ^ - . - e 

i \ wes v rticuuri; 

15 useful if the nhaoe genoee coaca^ned a sequence wnose 

expression was desired in the target ceil (along wx& the 
aporoo: ^ ! - A us ' tu ~ 

secuono* .. ., 

TNoii5 j or label the cell by the &m 

20 product: {e.g. if the sequence expressed a detectable gene 
rase, see White 
nigues 2( 4 } p!94« 201 { 1990 )),or t 
proeertv on the target ceil (e.g. if ti 
a rumour cell and the new sequence directeo the 
25 expression of a tumour stg ? ? gas ox - rn: 

an ' 5 ° set o£ 

get ceil, or a gene or gene product 
s i j be toxic to the target cell. 
Alternative e J — 

30 desired in the target cell can be encoded on c 

- i , a » ^ ^aago 

displaying an antibody specific for a cell surface 
2 t ; / ror example, Incorporation saw he by 
i oi bacteria cent 

25 << 

soeeifie for" the target cell. The package is then usee 
to direct rhe phaoeaid to the target cell, 

This technique of ,! ta a 
r..,nher of uses in research and also \r therapy and 
40 i j < ie, gene therapy often aims to 

, the repl&cessenr g to a specific ceil type tnat 
:y. Tsrgettinc pAbs provide e 
r.ero ! iohn aving tars* _ . . , 

Jn u_ ! ' xj; 
45 bacteria or groups of bacteria have been used to target 
rase., to the ban t h ast 

(sec," for example, ulltzer, S., and Kuhn, J«, EPA 
pi^ryw '3 <n . If the host ranee of the phage is 
anprooriate. onlv those bacteria that are being tested 
SO o ' J- ~ > a 2 - * ho 

u ^ ene a^o re a t tne nxt 

"M, - been used to detect the presence or 

Su\nom.i;o. Ore i=< or pzoblasn ^ath this <" tne 

, - ^orrxtr 

host range .end then the cloning of a luelferase gene 
cassette into that phage, such that it is iamctxonai . 



.~v< i«c«t!T! !'--t euccT 
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Th® pAb system allows the lueif erase cassette to be. 
cloned into a well characterised system { f ilajaentous 
phage) and allows simple selection of an appropriate host 
range,, by modifying the antibody (or other binding 
5 molecule) specificity that the pAb encodes. 

The present applicants have also been able to 
develop novel selection eyete.es and essay formats which 
depend on the unique properties of these replicabia 
penetle display packages a„g. pAbs. 
10 TERMINOLOGY 

Much of the terminology discussed in this section 
has beers mentioned in the text where appropriate, 
a disc. ^ sop 

This describes a pair oi molecules {each being a 

15 member of a specific binding pair) which are naturally 
derived or synthetically produced. On© of the pair of 
molecules, has an area on its surface... or a cavity which 
specifically binds to, and. is therefore defined ss 
complementary with a particular spatial and poMr 

20 organisation of the other molecule,, so that the pair i*aV# 
the property of binding specifically to each other. 
Examples of* types of specific binding pairs are antigen- 
antibody, bictin-avidia, hormone-hormone receptor, 
receptor ~ IXgand , enzyme-substrate,- IgG-protein S, 

25 n \ - rc 

: o » oribes a first polypeptide which will 
associate with at least a s« e < when the 

polypeptides are expressed in free form and/or on the 
surface of a substrate. The substrate may be provided by 

3D ; to : there are two associated 

polypeptides,, the associated polypeptide camples? is a 
dimer, where there ere three,, a trimer etc. The dimer,. 
trimer, multiuser etc or the multimedia member may 
comprise a member of a specific binding pair. 

35 LKamole mul timer xc members an \ has* 

on an immunoglobulin molecule, light domains based on as 

™uixn molecule,, T~cell receptor subunits. 
degiigabis ^ 

tii - v c i:h .".as 

40 genetic information providing the particle with the 

ability to replicate. The particle can display on its 
surface at least part of a polypeptide. The poi pep 
can be encoded by genetic information native to the 
particle and /or artificially placed into the particle or 
45 an ancestor of it. The < \ < >u be any 

member of a specific binding pair eg. heavy or light 
chain domains based on an Immunoglobulin molecule, an 
enzyme or a receptor etc. 

The particle may be a virus eg, a bacteriophage 
50 such as fd or Ml 3. 
P ackage 

This describes a replicahle genetic display 
package in which the particle is displaying a member cf a 
specific binding pair at its surface. The package may be 
SS a' bacteriophage" which displays an antigen binding domain 
at its surface, Tbls type of package has been called a 
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phage antibody (pAb) - 

— ^This describes an immunoglobulin whether natural 

or oartlT cr . ^ "r™ * 

, ^ " ..,;.:,U' , protein havina a binding domain whxch 
' ^ , K , binding dneaia. These 

ouj as, or partly 

10 end the 3 Fv, dAfo, Fd fragments - 

^"'""^hl^ of polypeptides, aha 

is ;sii " ^.unoaio^i,. , yy?-?i';: er^, 

two e sheets and usually a co 

A.F. Williams and A.N. Barclay 1988 Ann. Mr Mnm. * 

i - 5 

""Example members of an im^anoglobnlx; 
2D e-e 04. 

hxtnrealiular adhesion raolaou.ie- ; 1^2;- .^o«p,. 
the cent; < eiersr.ee to 

~, ~ hi 

apr eludes membe he immunoglobulin 

2S super family and homoloos thereof, 



^fhis term indicate polypeptides having the same 
or n , sidu 

their orimary,. secondary or tertiary structure. 
30 als o or more nucleotide sequences encoding 

the ; polypeptides, ,- M ,.«^i^ !f Hn 

i 3 sous peptides are the x«wuiwglobu**n 

iso types. 

Functional. 4 v . , » ^ 

^ ation oc a 

' surface of a i 

In a folded for;, in which . specific sxnoxng toi 

its comoiesientary sbp member is me same or exosexy 

»i <: x ^ 
40 ax- ^ 5 

from trie sentxdes of Sss.tn at ai, sups.a, : wn.^s u — 
haw , o oxi and can assum a 

%> t t p u^n-ars 

45 members oifh which they may be contacted. 

rerse ppnulatxo 
in ''err meet ion vi.th sbp aarabers or polypeptide 
components thereof, this is referring not only to 

3 t iral populau m < 
r »iis ©r~oraaniams. but also diversity that can be 
" <t mutation in vitro or in yivo. 

r% fox -xartr x- *a 
i x win using cli. aonucioorides having random 
natations of the sequence desired to be varrea, Xp 
55 to > • » - 

; < c -, ai the SNA (see example o<J 



ivo 

COS fc 

m 
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92/01047). The word "population" itself Bay be used to 
denotes a plurality of e,g. polypeptide chains, which are 
not genetically diverse i.e. they are ail the same. 
Domain 

5 " " A domain, is a part of a protein that is folded 
within itself and independently of other parts of the 
same protein and independently of a complementary binding 
messbar <. 
Ryd!MJii!i£ 

10 a as a specific c - t a hi 1 

and/or 6- strand and/or 6-tnrn structure. Domains and 
folded units contain structures that bring together amino 
acids that are nor adjacent in the primary structure* 
Q - - rprrn 

IS This describes the .state of & e which is 

not displayed by a applicable genetic display package. 

Condi tional lv Defective 

hi se- on so rass a 

particular polypeptide under one set of conditions, but 
20 expresses it under another set of conditions. An 

example. 

in non- • - .net or suppressing hosts respectively. 

Alternatively, a gene may express a protein which 
is defective under one set of conditions, but not under 
25 another set. An example is a gene with a temperature 
sensitive mutation, 

Spppressible'Tr a t - Scdas 

This describes a eodon which allows the 
translation of nucleotide sequences downstream of the 
30 codon under one set of conditions, but under another set 
of conditions translation ends at the codon. Example of 
suppress ible translations! atop codons are the amber, 
ochre and opal codons. 
Mstat r Strai 

35 ~ " % rhis is a host cell which has a genetic defect 
which causes DNA replicated within it to be mutated with 
respect to its parent DMA. Example mutator strains are 
KR9046asutD5 and NR904& mat TI (see Example 38) . 

40 Thif^is a phage which is used to infect cells 

containino a defective shape genome and which functions 
to comp-I i - < senon 

he a phagemic r- - s .r ^ ^ ^- < - ,w, '< 1 ' ira-n™ ^ ns 
sequences removed. Examples of helper phages are M13K07, 

45 M13KG7 oene III no. 3; and phage displaying or encoding 
a binding molecule fused to a caps id protein. 



This is a DNA molecule, capable of replication in 
a host organism, into -which a gene is inserted to 
SO an > 3 t i moiet xl<. 

Phage Vector 

This is a vector derived by modification of a 
phage genome, containing an origin or replication for a 
bacteriophage, but not one for a piasmid. 

This is a vector derived by modification oi a 



WO 92/20791 



16 

. as iorne , ccnte: 



o Log a origin c replication fox a 
bacteriopha as veil a - ni « ~ 

replication x 

S &cre Ja^ Scribes a ro&p or molecule that associates 

he cn f ^° ; 

t ; to the oBUulax cytasox. 

K > ~ - _ d , , 

P >=: - 

Dm segu ch < >ded s ^ 

jquences are- generated bx .ho 
vivpg rearrangement of eg V, D and J segments tor H 
V ana * s 

; - iri 

, n -toire' 1 is used to indicate genetxc diversity. 

~ a c < llection of nucleotide eg fMK, sequences 
within ( lQn ° f 

pc'YP*T 1 * nepers, or 

Jolvpeptides or sbp members displayed on rgopa capable of 
selection or screening to provide an imiviaua^ 
polypeptide or shp members or a mixed popuXatxoa or 

|e^toim^:L™&m„ ^smim^msm^ilm 

A collection of nucleotide eg DHA sequences 
derived wholly or par:.::.;, from a source o1 -nan This 

may include for example, Wh * . J 

domains by c< D &nd J 

segments di 9 VL camains by 

combining^ jf^Jf^f^ sequences may be derived by 
oligonucleotide synthesis , 

^-S^S^gifSe or .mine acid.. Joined to the «- 
terminal end of a polypeptide and which directs movement 
of the r -*e cut oi i'he eyionol. 

^ TM s is a solution used to breakdown the linkage 
b , t u ies. rhe linkage can be a non-covalen 

os covaient ben (a). The two molecules can be memoes ot 
a sbpx 

kfs£ ^"thVs 53 a substance which derived from a . 
pDlypeot 

rrir: The derivative polypeptide may ortter txon the 
encoded polypeptide by tne addition, aeietion 

:ion : - in n clot of asu.no acre > * 

Ixnkaea of other aoxeoeles to the encooea po;.ypet ,ue. 
I'hece changes may be nec„ ♦ . . x~ 

I^vel- For example the encoded poxypeptxd^ e«v ue a t v b 
fragment which is then linked to en Fc tali from another 
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source, .Alternatively markers such as enzymes, 
fioureseeins etc may be linked to eg Fab, sePv 
fragments - 

aocordino to one aspect of the invention, there is 
5 provided a method of producing multimeric specific 
binding pair (si hieh met! - ~- 

- 5 ^ > In. recombinant ost 03 g i i 

ceils a population of a first polypeptide chain of a 
« c x 1 1 — c r 1 nn , &bj to a component of a 
10 c play pa< uhxc h 

thereby displays said polypeptide chains at the surface 
of rodos, and combininq said population with a population 
of a* second polypeptide chain of said specific binding 
pair member hv causing or allowing 1 - 
15 polypeptide chains to come together to form a library of 
salt mult meric Hie pa 

by rgdps, said population of second polypeptide chains 
not being exp eased from the same vector as said 
copulation of first polypeptide chains,- at least one of 

20 Li. - 0 < 5e<i 

from nucleic acid that is capable of being packaged using 
said rgcp component, whereby the genetic material of each 
said rod : . encodes a polypeptide chain of a said 
genetically diverse population, 

25 The first u a > - " 1 ' 

in the same host organism cell, or not <y in the 

same host organism cells. In the latter case the^ 
population of second polypeptide chains may con . - 
repertoire of polypeptides purified from a hnman or 

30 animal scarce. 

In a prefaced method each said poly pent:! ue chain 
is expressed from nucleic acid which is capable of h< < 
packaged as a rgdp using said component fusion product- 
The method may comprise intr< i otors 

35 caoable of expressing a population of said first 

poiypeetids chains into nest organisms which express a 

c ^ soao ^>c- e t o ce^n- ^o f eo 

form, or introducing vectors capable of expressing a 
population of said second polypeptide chains in free form 

40 into host organises which espress a population of said 
first polypeptide chains. 

On the other hand each said second polypeptide 
oh 3cv v \ v a fusion with a component 

of a rqdn" which thereby displays said second polypeptide 

45 chains "at the surface of rgdps. In other words., both 
fxxu: ax saoo chains ris; S 3 < N aps by 

fusio ; ca? dies In. a m i 

where soluble chains are combined with fusions of 
polypeptide chains and xgdp component the following steps 

50 may* be* included : 

(a) f ermine an extracellular mixture of a 
^oeulatxo -f t , 

displaying pepuiat h' first pc ins; and 

pod oausi.no or allowing first and second 
55 pclypepf vac chax _ to - * t? 

of said multimerio specific binding pair members. 
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on® or 

25 (iii), 



The extracellular mixture may he partially 

g xe»atunpd to cans J« sard 

first and second < * chains to 

torn sl; < lae pnpe^i - ~ 

chains may comprise a. repertoire of polypeptides purified 
from a human or animal source. 

The populations of said polypepts.ee chains may he 
derived from: 

(£} iC- C 

Ijsatunoglobulla genes of an animal immunised with 

(£1) the repertoire of rearranged 

immunoglobulin genes of en animal not immunised with 
*ber; 

(111) a repertoire of 'an artiticaaliy rearrangea 
immunaglobssl in cone or genes; 

<iv) * e repertoire of an immunoglobulin 

hatnolo ? — . . , 

(v) a repertoir* t t V' iv&a 

from a perm- line immunoglobulin gene or genes? 

? v -n a repertoire of an immunoglobulin 

gene or genes artificially mutated by the introduction or 
one or more point mutations . 

(vii) a mixture of any of {x) f {it}, 

(iv ) , (v) and (vi). t , ^ M 

When a ohaoa is used as rgd 
from the class" I phages fd, MIS, fi, 1*1, X*©, WZ, kf 
and the class II phages KI, Pfl and P£3. 

;teo or 

30 screened to provide an individual sbp ssemoer or a mcseo 
population of sain sbp members associated in therr 

chain ran roof/' The restricted population of at least one 
hain provid i ^ay then 

35 be used in a further dual combinational method in 

election of an individual, or a restricted population or 
cary o&aln* 

ric acid taken from < t 
population ens, 

40 introduced into a recombinant vector into which nuclexc 
acid from a oenetically diverse repertoire of nueiaxc 
acid encoding said second polypeptide seams is also 

trod or the i id ta rot 

rode nonniation enco £ e eha; 

45 i k e n traduced intc a recombinant vect.02 u 

nucleic acid from a genetically diverse repertoire of 
nuclei o acre encoding said first polypeptide cnains xs 
also introduced* a ^ ^ 

The x vector \&f r~ proc 

50 intsn i * 1 vectors and thxs 

mav be promoted by i usic 
at wnrU sxt< 

IcsP sequences obtainable from eoliphage Pi- Sxte- 
snecif ic recombination may then be catalysed by Cre~ 
■ \nase,. also ol inab.b b col nnage PI. 

The Cre-recombinaae used may be expressible unner 
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the control of a re promoter, 

Production of a recombinant vector may be used re- 
produce nucleic acid encoding a single chain Fv region 
derivative of an immunoglobulin resulting from 
5 recombination between first and second vectors. 

It may be desirable for the vector comprising 
nucleic acid encoding the first polypeptide chain to be a 
phage or phagemid while the vector comprising nucleic 
acid encoding the second p< e chain being a 

10 plasmid? or the vector comprising nucleic acid „ tin 
the first polypeptide chain to be a plasoid while the 

5 id j the saoond 

polypeptide chain is a phage or phagamid. There the 
intracellular recombination may take place in a bacterial 
IS host which replicates plasrsids preferentially ever phages 
or phagemids, or which replicates phages or phagemids 
preferentially over plasmids. It may be advantageous to 
use a system wherein the preferential replication of one 
type of vector over the other is conditional. 
20 This is discussed later with reference to PoIA 

strain of B.coil or of another grain- negative bacterium.. 

The invention envisages also a method of producing 
multimeric specific binding pair <sbp) members, which 
method comprises 
25 {1} causing or allowing intracellular 

recombination between (a) first vectors comprising 
nucleic acid' encoding a population of a fission of a first: 
polypeptide chain of a specific binding pair member and a 
component of a secreted replioable genetic display 
30 package {rgdp} and (fo) second vectors coo 

acid encoding e population of a second polypeptide chain 
of a specific binding pair member, at least one of said 
populations being genetically diverse, the recombination 

h-Ch "O! - 

35 nucleic acid encoding a said polypeptide fusion and a 
said second polypeptide chairs and capable of being 
packaged using said rgdp component? and 

i i 5 fusions and 

said second polypeptide chains, producing rgdps which 
40 display at their surface said first and second 

polypeptide chains and which each comprise nucleic acid 

encoding aid i xxst poiypept : > and a said second 

poi ypept i de cha x n - 

This may be uu.tn or vis bout a preliminary 
45 selection or restriction of one of the populations of 

second polypeptide chains .by any other method according 

to the invention. 

An important aspect of the present invention 

provides a method of producing one or a selected 
50 N * i v tide memo r~ of a 

specific binding pair (shp members } specific for a 

counterpart specific binding pair member of interest, 

which co o ig steps; 

( i } expressing from a vector in recombinant, best 
55 organism calls a genetically diverse population of a 

first polypeptide chain of said multichain protein, fused 
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to a component of a replieable generic display package 
(rqdpj which thereby displays said polypeptide chains at 

j : dx rgdos 
{2.1} combining sale population * 

restricted copulation of second psaypeptxae cnaxns oi 

t - - tBe 

cion of t txae 
f a m ] < v < ^ 

i iyec b gdp s x 
oenetiesilv diverse population being expressed f roia 
nucleic acid which is capable of being p : . using 
said rodp comtcmant,, whereby the genetic materxal of each 
said r< s first $ eptlde t i c 

f i , , , > i inity -with said counterpart: sbp 

ichain si ° *<« 

said cotssterpart she member associated In thexr 
respect Q acid encoding a said fxrst 

©oXvoeotide chain thereof? 

{xvV "m^iimm said first polypeptide chains or 
multichain sbp members selected in step * xax ) oath a 
rse population 

-oars, the said second 
ooivneotide chains being fused to a component of a rgop 

,h > - ^ > nv 

eeid combining in this step (iv) forming a library ox ^ 
rauXtlchaii sto members from which one or more 
sbp a-erobers iterpart sbp member are 

seXactabXe. by affinity with -it. 

Those multichain sbp r 
other members of the Xasswnog Lob? y , or ba 

,i, or any oi 
;ee" els ere in this text for other examples . _ 

Advantages and benefits of such a eethoo are 

may b« modified for ,! hu« s Ln antibodies, p hi > 
in* combination with CDR grafting < ai.th the use 

of ohimaerlo poXvoentide chains. Useful chimaerxes may 

sman 

rest and 

hxmm ' bod^ vain, such a a one com? i 5 i Cyl. A 
geneticaX.lv diverse population of ehxmaerio second 
noivoentide chains may he used in step (:U) or the 

d ::op la m :d 
chains combined in step (iv) may be a human chain whx.cn 
comprises an imposed complementarity determining region 
( CDR ) ro m~ht — — tor Haxa 

said rat blyi o , 1 i v ax i 
iramusvoalobuiin light chains and said ceconc polypeptide 
2ha as are ±mti 1 " r ' * 

c^efici • c - . > - ^anr^ol 



antibody for the imposed 
invent 



CDR3 - 

kits for use in carryi 



out a method according to any aspect < 

Kit « the folic c i - J»ai to 

ancillary components required nor carrying out the 
method i 



SUBSTITUTE SHEET 



wo 9tnmn 



( 3. veeto having tS all 3* 
(a) a 1 03 5 03. 4 ot s ■»„-,„v,-.t «. p fc 

tion sit< or ina tion oi 

micli < iN,lt Df an 

5 sbp member, (e) said restriction site being in the 5' end 
re-aion of the mature coding sequence of a phage eapsid 

ofce * er< % ~ aenee 

uostream of sain site which directs a fusion of the 
caosid protein and sbp polypeptide to the periplastic 
10 soac© of a bacterial host? and (ii) another vector, 

having some, or ail of the features i a o (b), CO ana (d ) 
of the vector described in <i)« 

Another kit for vse in carrying out a method 
accordion to one aspect of the invention may have the 
15 foi lowing components in addition to ancillary' components 
required for carrying out the methods 

(i) a first vector having the following features; 
(a) a restriction site for insertion of nucleic acid 
encoding or a polypeptide component of an sop member, {by 

20 said restriction site being in the 5' end region of the 
nature coding sequence of a phage caps id protein, and (c) 
with a secretory leader sequence upstream of said site 
which directs a fusion of the capsid protein and she 
polypeptide to the periplastic space of a bacterial host; 

2S and 

(ii) a second vector having a restriction site tor 
insertion of nucleic acid encoding a second said 
polypeptide chain, 

(ill) at least one of the vectors having an origin oi 
30 replication for single-- stranded bacteriophage, and 
(iv) the vectors having sequences at which site- 
r conation will occur. 
In the above methods, the binding molecule may foe 
an antibody, or a domain that is homologous to an 

ilin The am loot c too > fches 

naturally derived or synthetic or a combination of both. 
■The domain mav be a Fab, seFv,. Fv dAb or Fd molecule. 
Alternatively, the binding molecule may be an enzyme or 
« I such 
40 ensyme or receptor. Alternatively, the binding molecule 
may* be a ft emncx or an tl in s* o*„rram~iy and 

which has a structural form based on an immunoglobulin 
molecule. 

The present invention also provides rgdps as 
45 defined shove and members of specific binding pairs eg. 
binding molecules such as antifo I , mzyiw i ;ceg 
fraomenfs and derivatives thereof, obtainable by use of 
a„v" c f the above defines mat hoc loe der va ( - «o n \ 
comprise members of the specific binding pairs fused to 
50 nter ool^oj * 3 or a Fc taxi. 

The invention also includes kits for carrying out 
the ns r ^ s i I include the * ~f~^^z J 

vectors. One such vector nil! typically have an origin 
of replication for sxngie *~~ ~ J * ~> and 

S5 n r~„ „„ n n-cl - -a i Ci hr\« 

restriction site for its insertion in the 5* end region 
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of the mature coding sequence of a phage oapsid pr 
arid , tr a secretGry leader coding sequence upstxe 
said s:~ > ju ! < 

exotic n 

he x it ti ~'~ s 

preferably those of enzymes which cut only rarely 
nees< 

The kit preferably includes a phagemid vec 

boat aces t. r may contain 

or hj W site t >i ii i>~ l. of sxc acid 

for expression of the encoded polypeptide In free torss. 

"The. kits will also contain ancillary components 
required for csrrvino cut the method, the nature ot such 
-ours m the particular mexnoa 

: ved , 

Useful ancillary come 
phage, PCS? primers, and buffers and ensymes Ot varxous 
kinds * „ . 

PCH ©rimers ana 
the &hp members are antibodies may have the tolling 
characteristics:. „ . , „ . . 

(i.) orimers having homology to the a' ana or the sense 

or anti-sense strand of sequences encoding aoearns 

of antibodies; and 
(lip primers includin > " >N 

hceoloaoaa sequences ehieh incorporate restriction 

sites' to allow insertion an 

with sequences to allow assembly of amplified *H 
and Vh regions to enable expression as Fv, scFv or 

Pah fragments. - 

Also c ~ f entaon xs the 

provision of product of a dual 

combinational method, comprising a selected or partially 

lr -.,,^ n ,r^ rs> SU ch as antibodies, which can then be uses 
i co Tib i nota a 
Buffers and enzymes are typically usee; no 
preparation of nucleotide sequences acceding hv , scfv or 
Fab fraamsnts derived from rearranged or unrearrangau 
immunoglobulin genes according to the strategies 
described herein* % 

as =5" asa I« r * ox 

I 3 s rovide c v. J = ~>- <U < , ~-'-r ^ 

x -dc„ a-o .n 
and derivatives thereof, on their surface and facilitate 
subsequent selection and manipulation. 

The F- specific phages (e.g.. £1, id ano MX^} have 
volved a met > iX 

host cell and they are used commonly as vehicles tor 
recc j n DN? ( 02 5 erg, \ o H I 

Fxoesian and Co., ah n a ~ - 

stranded PC a oenosne ; ape rcaimafeiy 6.4 Kb) of fd is 
entruded thronqh the bacterial membrane where ir 
seaueatexs eansid sub-units, to produce oarure virions, 
mesa virions are fe am in diameter, 1pm m length ano 
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each contain, approximately 2,. 800 molecules of the staler 
coat protein encoded by viral gene VI XI and four 
molecules of the adsorption molecule gene III protein 
{g3p) the latter is located at one end of the virion* 
5 The' structure baa been reviewed by Webster et a. I . , 1978 
in The Single Stranded DMA Phages, 557-569, Cold Spring 
Harbor Laboratory Press. The gene III product is 
Involved in the binding of the phage to the bacterial F~ 
piiust 

10 Although these phages do not kill their host 

during normal replication, disruption of some of their 
genes can lead to ceil death (Kornbarg, A., 1980 supra.} 
This places soma restraint on their use.. The applicants 
have recognized that gene III. of phage fd is an 

15 attractive possibility for the Insertion of biologically 
active foreign sequences. There are however, other 
candidate sites including for example gene VIII and gene 
VI . 

The protein itself is only a minor component of 

20 the phage coat and disruption of the gene does not lead 
to cell "death (Smith, G. 1988, Virology MI' 156-165). 
Furthermore, it is possible to insert some foreign 
sequences { with, no biological function) into various 
positions within this gene (Smith, G< 1985 Science 228: 

25 resiles i en i :i a N 

p» 306-318, , and de la Crust, V,F, f et &1« , 1988, J, Biol. 
Chess. , 263 c "4318-4322). Smith et al described the 
display of peptides on the outer surface of phage but 
they aid not describe the display of protein domains, 

30 Peptides can adopt a range of structures which can he 

different whan in free solution, than when bound to, for 
example, an antibody, or whan forming part of a protein 
Si - e a R.I, et al., (1990) Science 248, p?12-?19). 
Proteins in general have a well defined tertiary 
> - 3 v rre and perlorm their biological function only when 
adopting this structure. Fox snanple, the structure of 
the antibody D1.3 has been solved in the free form and 

I a ;'8hat , T.N 
347, p483~48S • . The gross structure of the protein is 

40 dentinal in each instance with only minor variations 
around the binding site for the antigen. Other prote^ 
have more substantial c j 5 on changes on binding of 

Upend, for instance the ensymes hesokinase and. pyruvate 
dehydrogenase during their catalytic cycle, but they 

45 still retain their overall pattern of folding. This 
structural integrity is not confined to whole proteins, 
but is adhibited by protein domains. This leads to the 
concept of a folded unit which is part: of a protein, 
often a domain, which has a wall defined primary, 

50 o a *- r „, J * -is i 

same overall folding pattern whether binding to a binding 
partner or not. The cr.y ias , tee that Smith et 

at., described that was of sufficient sire to encode a 
aces. a m nimum of perhaps 50 amino acids) was a 3351 

55 t rapnent c> a a- tang to 

nucleotides 861-1195 in the 8-galactosidase gene sequence 
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(Parmley, S. * Saith, G.P, 1988 supra. This would encode 
— :ifiill - „_< 5j t s , ssm 530 acme aero dom^xn, 

Therefore, prior to the present spprxestroa, no ^ 

a Oeen 

age - in these cast * >■ 

- i. ec th it e 

sequences could be detected on the phage our race by use 
of "e.g. antibodies, 

?he protein encoded h; n< U vera 
domains Pratt, * 1969 Virol 

Gran* 6t aL ( 1981., J. Biol, s hi * s*-b*C> 

S Armstrong; J* < 4t el, FHBS ett 135; 67-172 1981.) 
^r-iuolnn; (1 > a clonal sequence that directs the protein 

* <^ea t^ 

„ r , i , 

bacterial ceil membrane (and also the phase coat); and 

nds to he t sage 
the pilus of the host bacterium. Short 
s«quenc8s derived from protein aolecu $ t ve oeen 
inserted into two places within the mature molecule 
(Smith, C. , 1985 supra., end Parmley, S.F. and Berth 
0. P., 1988' supra.}. Namely, into 

and also between amino acids 2 and 3 at the N~tereonus, 
The insertion sites at the N-terminus were more 
successful in maintaining the structural integrity of the 
q^ns 111 protein and displaying the pep trees on one 
Bv use of antisera sp 

s ~ 3 ntc this pes- - i 
were shown to be on the surface or the phage. /These 
author 

property- However, mo nsi -cas _ 

did not" possess measurable biological functions of thexr 

tma " Retsinino the biological function of a molecule 
whan it *s expressed in a radically different context to 
'its natural state is difficult. The demands on the 
structure of the molecule are heavy. In contrast, 

oeoxlxc antx^m i 

a passim 

on" the structure of the molecule. For esaopre, xt xs the 
rule rather than the exception that polyclonal antrsera 
K ei recoaniso totally denatures,, end broiogrcally 

z blocs > i < x i > - 
Harlot, E. and Lane, D . , Antibodies, a Laboratory Manuar, 
Cold Sorino Harbor Laboratory Press 1988), Therefore, 
the insertion of peptides into a region that arrows tue.n 
structure to be eroded with antisera teaches onry that 
r serosa u u c 
sob 1 at the region is suitai th 
insertion or iarse sequences with demons i.ng srruorurar 
constraints for the display of a molecule with a 

or binding function. In t aulas it noes 
not teach tb 5 3 can b ~ 

dispisved from sequences inserted in this region. 

This experience with Western blots - a erasure 
practical demonstration which shows that retaining the 
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bilit, tc c bom I by so^err^ 3 t — 

demands on the structure of a ^ o man 

; : ;r;i';,:;., , ; ^ ra , tei; ticn of a biological Junction, 



hav o manipulated to egress the. protein B-adrenergic 

I::.:,;..;::, ,:: a fU nios with the outer membrane protean 
: , receptor was ex 
- s a ~ rminea b < r« encc - hrndxng 

^ , iesxos 

wis made with lams, the antibody fusion was tamo to tne 
host coll. licara haye instigated the possibility 
of . d*^ trd_;.e regu.ee . > noal i Y 

active 

t-o exotess a large fusion protein. As is apparent r.om 

demands on the functionality ot « *^SJET& *t 
lame, encoaino antnsoey -ragoen.^, ot <=t 
t e ^t 10^-200 amino acids the antibody derive 

most of the f < ^ « * ^ ~* 

. The applicants approach to the construction of 
the fusion molecule was designed to minimise tne rxs* or 
disrupting these functions. In an embodiment ot the 

■ 1980, Gene 9, 127-140} a tetracycline 

si ta - voroxo :d can be 

arooaaats ^ that con * ™ 

resistance to 

chose to insert after t i * 5L g 

III protein for several reasons. In particular, urn 
Insert as t< ino id . ot the 
mature protein to retain the context ror the signal 
,cptxdi^ cleavaq*. T % ^ n 

CJ na„ attei - 

sequences, 'The inserted immunoglobulin sequences 

1-Cl< ,Lesk, A, , and t,hothxa, , Nature 
335. 188-190, 1988). . TT „ - 

t n 
lorhsnv * 

* on = ts currace 
larqe biologically functional ansxosea anoy^e, ana 
reeeeior molecules whilst remaining intact » 
o^fmetious. Furthermore, the usages nearrng 

SesJ a so. fioi , an be selected tram a background 

° ~- * ±Q » °* antitxsdy 

so \ ecu! arid >r : serricc into he vector to give 

3 fane . the pnago 

from a varisi 

end from orssns such as spleen and peripheral biooa 
Woshoovtes: The coding sequences ere nerryec tram tne.e 
coic- ^-ril.ax - .-'^ skxJ od in vho 
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art (Orlandi. R., et al. 1989 supra; Larrick, ^ - et 
al,, 1989 supra; Chiang, V,L., et ^g;./;^ *-^ 8g 
Techniques Z, vara, a, < - - « - 

' , ° ; 2 ~ 2 ' " : 

bi'ndiac Solicuies, "their fragment and derivative,, by tne 
«« oi joehxna i methods. 

use . ? sS;andara recombinant Techniques tor the 
t^odyctio i n axpression vector containing 

codino far the antibody polypeptide cnains .is 
::5d %~ transform er,o -col:.. Tbs antibody potypaptioes 
Prised' and detected by use of standard screening 
X* ; tSmS hen the scree * 
of thedesirad soecil } « ?™ J 

artiei ar transfox < c e ^r,^^ 
antxbodv ooivpentxde. Furthermore, the vector o , 
the 

20 then has to be isolated for use trom b.co^x xn Mvft^ 
orocessing steps , 

antiboea 

wiS its gene coding sequence, ibis neans joe, ^ ohan toe 

21 an antibody polypeptide of oesareC J^^-^^^n^ 
„ , . v return to n3i 

.a 'u^r tor^ 1 Elation of that segaanea - Furthermore, in 
; ;:::;io:r, methods in standard recombinant teohaooses, each 
>d$ needs to be screened 
*n TidV^Pvaliv, The oresant application provides tor one 
se^etlon of cloned engrossing antibodies with oasrreo 
hus only requires screening of clones 

! SSS"(eg a pAb) displays a of a 

;:,^tSveW nieole'" reoixosble structure also containing 

„ , t , , rgdps eg 

vzl the complementary member of the 

40 Specific i * i-3*»> be recover** vary 

el< * \ 

infecting suitable bacteria.,, or ay denaturing 
structure, end specif foully nepiiiyxng m 

an 4sedina the nearer using PCR. That is, there . > no 

to the pAb. . 

..„ N --><--r^ : :0 P^tinodhes or antibody tragmeetw. ; .ne y;.w;>'=-« 

u '-" ; 1- d • Y.V/r;.. ; . ' .... p,, achieved bv either selection 

,w X:^P: c ., Cl V of oAbs with desired properties or by 

„,<y-; n .-! ->: «rf -s y-xanar Xv xsoi.ro.te.us ^,i.w*iw 5 

i;,;!,.;:;" ->,.. : or antinodv fraaoents oay 

n, x < Such a 

- ^ K ; v ^ r l£ ,_ r^n i c crown from 
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stocks of phage., bacteria containing phagemi<3s or 
bacteria expressing soluble fragments derived from the 
selected polyclonal: population., Thus a reagent 
equivalent to a polyclonal antiserum Is created which can 
5 be replicated and routinely manufactured in culture 
without use of animals. 

individual rgdps eg p&bs expressing the desired 
specificity eg for an antigen, can be instated from the 

10 coupler library using the conventional screening 

teohnxaues (e.g. as described in Harlow, S., and bans, 
Dv , 1988, supra Gherardi, £ et si. 1390. J. Immunol, 
-ets. 126 pgI-68). 

The applicants nave also devised a series of novel 

15 selection techniques that are practicable only because of 
the unique properties of rgdps- The general out line of 
soma screening procedures is illustrated in figure 15 
using p&bs as an e,sanpie type of rgdp. 

The population/ library of pAbs to he screened 

20 could be generated from immunised or other animals ; or be 
created in vitro by mutagenising pre-existing phage 
antibodies fusing techniques well-known in the art such 
as oliuc 1 ■"'nesis (Sambrook, J «. , at 

al., 1989 Molecular Cloning a Laboratory Manual, Cold 

25 Spring Harbor laboratory Press). This population can be 
screened in one or more of the formats described below 
with reference to figure IS, to derive those individual 
pAfos whose antigen binding properties are different from 
sample c 

30 Binding Elution 

Figure 15(1} shows antigen (ag) bound to a solid 
surface (s) the solid surface (s) may be provided by a 
petri dish, chromatography beads,, magnetic beads and the 
like. The. population/ library of pAbs is then passed over 

33 the eg, and those individuals p that bind are retained 
after washing, and optionally detected with detection 
system. <3, A detection system based upon anii~fd antissra 
is illustrated in more detail in example 4 of m 
92/0104? < if samples of bound population p are removed 

40 under increasingly stringent conditions., the binding 
affinity represented in each sample wii.l increase. 
Conditions of increased stringency can be obtained, for 
example, by increasing the. time or soaking or changing 
the pH of the soak solution, etc. 

45 Competition 

Referring to figure 1S{11) antigen ag can 
foe bound to a solid support s and bound to saturation by 
the original binding molecule e. If a population of 
mutant pAb {or a set of unrelated pAbs } is offered to the 

50 \-u 5lea c Ly those that have htg ^~ i fxnif^ ;:os antigen 
ag than o will bind. In most examples, only a minority 
of population c will be displaced by .individuals from 
population p. If o is a traditional antibody molecule, 
all bound material can be recovered and hound p recovered 

55 r% infecting * * teria and/or by use or standard 

techniques such as PCB. 
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An eavantsoeoue application is where ag is used as 
a n«or an s the 5orre ondim iigaad fhe. rsco« d 

ai y to the 

" i. ^indina sit s ganc 

soecificity is known to be very useiax en ;:ne 

Another advantageous application .is fc^^fc -a — 
! < s 3 i it *tig i ^ xv 

rch and t e diagnostic and 

pharmaceutical industries - 

At nrssent it is difficu.it to select cLireetxv ,or 
anti^daotvoe antibodies, pAbs would give the ability to 

L , i mas , « a v 

; '; br g - hish expa tnerr 

>se phage thr w< I 

In ^ ,ceb it may pr:.n- oiheeeu.neous to 

pre-sele s - ^or example, in the axrcx- 

Lo above, p cen he - a 
that does not bind 1 
.over if e is a oAb, then either or both c ana 
:, 5e marked in soma v?ay to both 

; for bound t ^ = »™= c Ihr- 
j , for example, oy pre- -^belling p 

- - t t- e < r ° r ^ 

t 

Carter, P. at al,, 1985, NucX. Acids Res I 
When hound o*c are aXuted from the a r> 

♦ % there is rest:: ana thus 

no growth) of popuXation c (i.e. BeoB restrictxng 

teria i ~> r ~ u 

areativ enriched tor these individuals irom p%ith negner 
, xrxcs. Alternative^ m~ 

xxoelly amplify r -* or tea Mtuw 
using bound p&fas can be amplified using for 

example* : ~ ' ' " >Iso ^f* 1 ? 1 * 

u rescue thr aes 1 

%ze bound to allow detection via converstxonal 

>jU preferred method for selection of a phage 
tldsplavi 4 >-<xth ides ifxcrty 

or^afiinitv will oft^n I - V matrxx 

v i 5 x i e « : * ^ lu-xon 

V H th inoreasine concent rat ions of a rgana atonic exute 
Phaoe displaying binding molecules of increasing 
_~ r v ~ ~ 5 

i ah axon affinity ex avidity (or t n rc its 

binding oartnai 5 t na; aot - ~ > PA* 

:iu * rat . 

5 there ma% t ix fable 
specific elating molecule teat can be preparer in 
sufficiently high concentration. m these c^sas x, x.. 
xvecessary to use an elation method whxch as not specxrxc 
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to eg the ant igen~ anti bod y compisK, Some of the non- 
specific eltrtion r b; us« ? reduce phage 
viability for instance, phage viability is reduced with 
time at pH12 { Rossomando, E.F, and Kinder N,D. u, 
5 Mol.8i.oi . 36 387-399 .1968). There may be interactions 
between eg antibodies and affinity matrices which cannot 
be disrupted without completely removing phage 
inactivity. In these cases a method is required to 
elute phage which does not rely on disruption of eg the 
10 antibody - antigen interaction. A method was therefore 
devised which allows elation of bound pAhs under mild 
conditions ( reduction of a dithiol group with 
« it hi at s si ^ ah d n 
{example 47 of WO 92/01047). 
IS This elution procedure is just one example of an 
elation procedure under mild conditions, h particularly 
ad van tag < nod would he to introduce a nucleotide 
sequence encoding amino acids constituting a recognition 
site for cleavage by a highly specific protease between 
20 the foreign gene inserted,, in this instance a gene for an 
antibody fragment, and the sequence of the remainder of 
gene III, Examples of such highly specific proteases are 
Factor X and thrombin. After- binding of the phage to an 
affinity matrix and elation to remove non-specific 
23 -binding phage and weak binding phage, the strongly bound 
.phage would he removed by washing the column with 
protease under conditions suitable for digestion at the 
cleavage site. This would cleave the antibody fragment 
from the phage particle eltsting the phage. These phage 
SO would foe expected to be infective, since the only 

protease site should be the one specifically introduced. 
Strongly binding phage could then be recovered foy 
infecting eg. S.coli TGI cells. 

Ah alternative procedure to the above is to take 
35 the affinity ratals, which ha a retained the strongly bound 
pAb and extract the DNA , for example by boiling in SOS 
solution, Extracted DWA can then be used to directly 
transform Sbcoli host cells or alternatively the antibody 
encoding sequences can be amplified, for example using 
40 PGR with suitable primers such as those disclosed herein,, 
and then inserted Into a vector for expression as a 
soluble antibody for further study or a pAb for further 
rounds of selection. 

Another preferred method for selection according 
45 to affinity would be by binding to an affinity matrix 
containing law amounts of ligand. 

If one wishes to select from a population of 
phages displaying a protein molecule with a high affinity 
for its ligend, a preferred strategy is to bind a 
50 population of phage to an affinity matrix which contains 
a low amount of iigand. There is competition between 
peace, displaying high affinity and low affinity 
c^-otsrxns : „ , ^ o - * < „n0 v <„ a~ir\ 
displaying high affinity protein is preferentially bound 
55 and low affinity protein is cashed away. The high 

affinity protein is then, recovered by elation with the 
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Ligand or by at* r procedures which ; lute ^ from 

^ v . ^ lv * r «^ry oi -.1. JV> 

~ *™ n , the -'n^.tv otea', the package can be simply elutea, 

~ a S ^ 

v? ^. s 

t^;:^:r:;';bi ,B,ber; it could be removed by boxiang, 
7v' could be 'removed by proteolytic cleavage of the 
,n r r~t^ : - a-d other ae deads will be apparent to those 
Sailed in the art cq dastro 

^bsorare end ooepiseearary sop raeeber to release saia 

, ^ ocd sbp oaoher. At ^ rate, roe QOjoo,oave 

, > < - - 00 

15 v crly, to express rhe sbp member 

enco«^hereby ciw ^ ^ procedure far 

pftbs and the ability' to erea~ 
tnat 

20 < * ' 

interest > ' .1 a- t a 

those that would be difficult or even unobtainable ny 
25 era 

idj * 5 dies, aesKwai o± the » ; 

li S r ****** ei the 33 ** an ® 

of ?L C ™f2Sl. can be use, in a number 
30 of other ai 3 . tons, some examples c± whlcn are; 

SiS* 1 '-- secular entity In itself, rgdps eg 

nAha combine" the ability t: bind a specific eolecuxe eg 
.£ the t 

35 used to attac! i. - - ~< 

attached via immunological, chemical, or any other oeaa. 
and caa be used, for example, to label tne - w th 

detection reagents or cytotoxic molecules roi use xn J^12 

40 i'b bb~' !< . a 

narkex particular 3 

: • . .0 en* ^ - - - 

biosensors, e.g. surface plasmon resonance. 

- : , a v - w 

roper lies tor exaau.,, 

^ " °' 1 " - ™ ,„m. 

50 r srd that tJ inventxc o~ 

' n ^ ~ a. i ' ~rroe^ * 1 < 

~ b^ry at ~ sirrt^a »- 
ls l; c- ;var^ ascribed below. 

. v ' ' " ... 

55 -"""^ 1*571 ""Sn^S" plots of the probability of isoaatxog 
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an antibody with a given pfK] value against the size of a 
library - 

'Via, 2 outlines a strategy to clone heavy chain as 
g3 fusion" on phage, light change being expressed as 
soluble tree:- at* > • : — 

Fig, '3 shows a cloning strategy wherein only one 
of the too repXieons is capable of being packaged into a 
filamentous particle, 

o ~ v. ^ ^ 1 ° ' < 

cons in 

- ntorxsl ihrari&s. 

Fig, 5 shows a r~ru ti x. v- * 
as q.3 fusions on phage with combination with aerified 
licrht chains in vitro. 

Fig. 6 illustrates the use of sites snecxes.o 
recombination for construction of poiycombinantorial 
libraries. 

c -.one 

used in example i. This is Aah 1*010.12.5 (Hoogenboom et 
al 1991, supra). 

Fig. 8 illustrates a strategy tor cloning heavy 
and. liobs. chains as separate elements. 

Fig. 9 shows the sequence oi poiyi inker used in 
pUClt mtd" i i t 

Fig. 10 shows the results of the infection 
experiments described in example 1, illustrat 5 

tors . 

Fig. 11 illustrates the effect on ELXSA signet of 
interference between phage end phages Id vectors, compared 
with phase and plass&d. : 

Fig. 12 shows EL-ISA x bet only 

when the correct heavy and light chain combination .is 
used is a functional antibody produced, as demonstrated 
in example 3. 

Fig. 13 shows an exaepie oi a sesame tor 
humanising a mouse monoclonal antibody. 

Fig. 14 shows the basic structure of the simplest 
antibody molecule XgS. 

Fiq. 15 shows schematically selection techniques 
Which utilise, the unigue. properties of pAbs; 15(1} shows 
a bindina /elation system; and IS Cxi) shows a competition 
system (a -pis; ao-aritiqen to which hind 

j P u n e.g. 1 it tbody pAb, 

Uganda; s* substrate (e.g. plastic beads etc); 

-taction system.. , t , . 

Fin. 16 shows the seouenoe arounc the exoning sate 
in aene III of £0 D0G1 . Restriction enzyme oxt.es ere 
show < > * — - f 3 s iec I intibo 

s s. Thes e flanked a the : i * by 

the aene 1X1 si anal peptide and at the 3 1 end by 3 
alanine residues the hot 1 - sites 

»nd che re J Che mature gene 1X3 - I'he 

arrow shows the cleavage site for cutting of tne signal, 
peptide. 

Fro. 17 shows a) the phagemid pHENl a derivative 
of pUCU.9 ' described in example 24; and b) the cloning 
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sites in the phagemid pHEN. 

Fig, 18. The antibody constructs cionec nto £d 
and pkWHl for disoiay on the surface ot pnage. 
S Constructs X.. XX, III and IV were cloned into both *:d~ 
0001 a ' * Bt i ~ NoLt 

, } ,; rrruc1 atalr tain J - jhaxn 

(VK*) variable regions of the mouse anti-phQx antibody 
10 NQ10.X2.5. The constant domains were human CK and CHI 
(t l isotyge). 

Fig, 3.9 » *Three ways of displaying antibody 
fragments on the surface of phage fey fusion to gene III 
15 protein. 

Disclosed hare are methods for preparing extremely 
diverse libraries of antibody heavy a 
Heaw and light chains are cloned on *ra i >^ 

>m c s iuced i ran 

assembly of heavy and light chains 

such that the filial number of cossbi? d is tht. 

number of heaw chains multiplied by the number of Xxght 
chains. Such a format is also convenient ror chaxn- 
25 shuffling, mutaaenesis, hums j s apra 

xi - can also be applied to c 
which two or mora different sub-units assemble to create: a 
functional oligomer . 

30 The first functional antibody molecules to be 

stressed on the surface of filamentous phage were 
sineie-chairx Fv's (scFv), so-called because heavy and 
light chain variable domains, normally on two separate 
proteins, are eovaientiy joined by a i 

35 peptide. Alternative expression strategies nave also 
been successful. Monomeric Fab molecules can foe 
dxsnlaved on phacre if one of the chains (heavy or xxgbt,- 
is fused to g3 capsid protein end the complementary chaxn 
escorted to the periplasm as a soluble molecule. The two 

40 chains can be encoded on the same or on diffc ©reive 
repllcons? the important point is that the two antxfeody 
chains assemble, post-trans lationaily ana the dxmer xs 
incorporated into the phage parrxele vxa ixnxage ot one 
of the chains to g3p. 

45 ; > » 

More recent clonine experi 
with 'ohaoemid' vectors which have ca- 100-fcoxd nxgher 
x , lt > o :riciencies than phage r\A. These are 
plasmids containing the inter gen tc regxon t rom 

50 1 . hleh enafc ' < 

of rhs ^ o DhA to be produced, and packaged into 

infectious filamentous particles when cells harbouring 
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them are infected with 'helper' phages providing the 
phage components in trans . When phagemids contain gill 
fused to an * ulting 
fusion protein is displayed on the phagemid particle 
5 CHoogenbaom, H.R.. A * D < Griffiths, K,S. Johnson,. D.J. 
Chiswel.1, P. Hudson and 0. Sinter. {1991}- Multi-subunit 
proteins on the surface of filamentous phage;; 
methodolooies for displaying antibody (Fab) heavy and 
light chains. Kuoleic Acl 19 (IS), 4133-413?). 

10 Considerable, progress has been made in developing 
efficient strategies for cloning antibody genes, a factor 
which becomes most important when dealing with large 
numbers of different antibody fragments such as 
repertoires. 

IS 

The cloning vector fd-SOG-l was used in early work 
with phage antibody repertoires in which scFv fragments 
were derived from spleen m kna of mice immunised with the 
hapten o&aaaione (Clackson, T., K.R. Hoogenboom, A.D, 

20 Griffiths and G. Winter, (1991). Making antibody 
fragments using phage display libraries. Nature 352, 624- 
828}? VH and VL domains were separately amplified then 
linked at random via a short tmh fragment encoding the 
scFv linker peptide to produce a libxatf o m 

25 10^ different: clones. This was panned against the 
immunising 'antigen: to select combinations of VH and VL 
which produced functional antibodies. Several binders 
ware isolated, one in particular having an affinity not 
far below that of the best monoclonal anitbodxes produced 

30 by conventional hybridoma technology* 

in a mouse, at any one „time there are approximately 
XQ 7 possible, H chains and 10 5 possible L chains, making a 
total of 10 12 possible VHsVL combinations when the two 

3S chains are combined at random (these figures are 
estimates and simply provide a rough guide to repertoire 
■m±z&). By these figures,, the above mouse library sa 
only 1 in XQ 7 of the possible VH:VL combinations. It is 
likely that good affinity antibodies were iso.l 

40 because the spleen cells derived from an immuxrisea donor, 
in which B cells capable of recognising the antigen, are 
oloaaily expanded and producing I - - ig 

mHH&. The low library complexity in this experiment is 
partly due to the intrinsically low transformation 

45 efficiency of phage OKA compared to piasmid (or 
phageeid). 

Marks at el. (Marks, Jib. Hoogenbooe, SUE,, Bonner t, 
T, Pi , MoCefferty. J. , Griffiths, A . D . and Winter, G. 
50 U99I) By-nassinq immunisation; Human antibodies from V~ 
geae libraries displayed on phage, J. Hoi » Biol. 222, 581- 
59?) and P?"" be construction of an 
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antibody repertoire t on umasunxs-id aumans cloned t.i . i*» 

clones has so far yielded specific antifaoaxes to tsa 
different antigens. 




10 Hew 



t be created from clones isolated from 



awlr» body* T x brori es'usxnq a procedure called <chain~ 
-ng T - in this oroeess one of the two chains is 



sole, by fixing she 
r. ; ,:, vv chain from the highest affinity souse anii-OX pnage 
1 5 anti 3 « *g the repertoire of lignt ains 

alongside it, libraries of 4.10' were constructed* 
q eve ral new OX-binders were isolated... and the majors. ry or 
thes» had" light chains that were distinct from those 
first isolated and considerably mora diverse. These 
20 observations reflect the fact that a snsau .cmrary xs 
sufficient to tap The available diversity one* only one 
chain is varied,, a useful procedure xt the oxxgxnai 
library was not sufficiently large to contain the 



available diversity. 



the librarv is of critical importance* 
attempting to isolate 




It ^s clear that while phage display is an 
exceo^ionallv powerful tool for cloning and selecting 

,3 * j inxest tract 
of the ' »si«g 9 c >siogy. 

Lhlc ,ncies place the greatest Lioii fcxon 
on Uhrary sire with 1Q- b * J ™* *^ 

current methods. Hough calculations suggest: taat feis x» 
^ovprel orders o^ » Bt * <a.«t»qyj 

sore rigourous analysis confirms it, 

Perelson and Oster have given theoretical 
consideration to the re J i hip between sire of Use 
SSnS repertoire and the likelihood of generating an 

given pxrope wxtb 
K. The 

iip is described by the equation: 

P» probability that an epitope is 
recegnis - * affinity hoove the 
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value K by any antibody In the repertoire. 

of different antibodies in the 



ofK]« probability that an individual antibody 
, t io top-a with in at Laity 

IB K, 



10 in this analysis p[&] is inversely proportional to 

iugfa an algorithm describing this 
relationship precisely has not been deduced. Despite 
this, it is" apparent that the higher the affinity of the 
antibody, the lower its p[K] and the larger the 

15 repertoire needs to be to achieve a reasonable 
probability of isolating the antibody. The other 
important feature is that the function is exponential; as 
shown in fig.l, a small change in. library size can haw. 
either a neqlioible or a araiaatic effect on the 

20 probability of isolating an antibody with a given of K) 
value, depending upon what point on the curve is given by 
the library size, 

The applicants have realised that the limitations of 
25 transformation efficiency (and therefore the upper limit 
on library 'sise) can he overcome by effic^ - athods < 
introducing 8HA into cells* In the preferred 
configuration, heavy and light chain genes are cloned 
separately on two different replicons, at least one of 
30 which is capable of being incorporated into a filamentous 
pa « if< jxticl arrying one chain are 

infected into cells harbouring the eomples , ■ iry chain? 
infection frequencies of >90% can he readily achieved. 
Heavy and light chains are then able to associate post- 
35 translationaily in the periplasm and the combination 
displayed on the surface of the filamentous particle by 
virtue of one or both chains being connected to g3p. For 
easameXe, a library of 10' hea-vy chains is cloned as an 
unfused peculation in a phagamM, and 10' light chains 
40 are cloned as g3 fusions in fd~»0G~l. Both populations 
are then expanded by growth such that there are 10' of 
each heavy chain-conraining cell and 10' copies of each 
light .the phage to infect the 

cells, 10 7 x 10-' » lO- 1 * unique combinations can be 
45 created, because there are 3.0'' cells carrying the same 
heavy chain which can each be infected by 10' phage 
carrying different light chains. When this is repeated 
for "each different heavy chain clone then one ends up 
with up to 10 14 different heavy/ light combinations in 
50 different cells. This strategy is outlined in fig. 2, 
which shows the heavv shain cloned as < 

and the iicht chains expressed as soluble fragments from 
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a phagemid. Clearly, the ravers© combination, light 
chain© on phage, heavy chain- on pftageaxd, is also 
tenable. 

3 in this configuration shown in fig. 2, 65 -DOG 

♦rescues' the ohaaemid so that .both phage and phageexo 
rjfia us packaged into filamentous particles,, and both 
types will have paired heavy and light on thexr 

surface, desoit® havj 

10 one of thea." For a given antigen or epitope, the vast 
Paio^irv of the heaw and light chain pai.ri.ngs wa.il be 
non-functional, so that selection on as ill have 

the effect of vastly reducing the complexity of the neavy 
an d | >.J£>ns. After 

IS selection the clones are re-assorted, in this example by 
infect! no fresh host cells and selecting for both 
replicons. After several rounds of antigen sexeerxop and 
recovery of the two replieons, the considerably reduced 
heavy and light chain populations can he cloned onto the 

20 same red i - si malysed by convents ^. One 

technical problem with this arrangement xs so-called 
'interference' between filamentous phage origans of 
replication carried on different replieons as a result of 
competition for the same replication machinery. _ rhxs 

25 problem can be ameliorated by construction of 
'interf t utants of either phage and/ or 

phagemid origins (Johnston, S» and Hay, D..S. interference 
between Ml 3 end oriMIS plasmids is medxated by J 
replication enhancer sequence near the vira* strano 

30 origin. (1984) J.Mol.Bioi. 177, 685-700) or througn 
control of copy number e.g. by replacing the 
double-stranded replication on the phagemxd (distinct 
from filamentous phage intergenic region) with mat of, 
for example, a temperature se jitive ru 

35 t» this wav the copy nawer of th< > "* 

foe keot down to 

can establish, then the - ~ number allowed to 

increase for expression of the antibody. 

40 Alternatively, only one of the two replieons need be 

cam - > 

Such a strategy is outl 

reduced to practice in example 2, A 1 ~- Ixghi 

clonec glass and tne 

45 chains are expressed as g3 fusions in fd-B0G~i . there is 
no interference in this case since the rep.Ucatxoa 

echanisms are dial 
here is that the process results xn sexeetxon o..., in tux^ 
case, the oast 

30 cloned light chaii i a* 

*rhen the selected .heavy chains are cloned together «ua 
the repertoire of light chains on the same replxcon, then, 
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selected conva«tionallj. 

Again, this principle can be translated into an 
array of alter r fcd ? Iff si 

5 Oi vectors, chains and g3 fusions as shown in figure 4. 

Another configuration is to clone the heavy chains 
as- 03 fusions on phage and add purls led light chains in 
vitro, as shown in fig. 5. " re partially 

10 isi fche addition i Guanid s hydrochlo id to 

5M final concentration, then the denaturant diaiysed away 
so that heavy and iioht chains assemble to create 
functional antibody combining sites on the phage surface, 
which can then be selected on antigen and the ap 

15 heavv chain phage isolated. If necessary, the selection 
can "he renekted with fresh light chain. Appropriate 
concentrations of other danaturants such as Urea or 
Potassium isofhioeyanate will also prove efi 
Havinq os ed this procedure, one is left with a vastly 

20 ; felon of heavy chain genes which can then he 

cloned together with the light chain repertoire, 
preferably on the same repiicon. The soluble chain can 
be oroduced by recombinant PKa technology, one or more 
monoclonal antibodies or from serum antibody . The 

25 reverse configuration, i.e. light chain on phage in 
conjunction with soluble heavy chain, or fragments of 
heavy chain, is also tenable. Also contemplated are 
alternative methods of N I heavy and light chains, 
which could he linked for example, by chemical 

3D modification. 

So far, the ereeedures described work on the 
principle of first reducing the complexity of the 
repertoire with possible subsequent reeled o ' N * 

3S chains of the reduced population < Alternative methods 
enabling both chains to be cloned on the same reoXicon 
with high efficiency have also been devised. These again 
reiv on clonino heavy and light chain genes on separate 
repiloons, but this time with the aim of promoting 
n between the two vectors $ 2 h chains 

are placed on the same replieon, A schematic is shown in 
fig ,'6 in which the recombination system is based on the 
lox P/Cre recomhinase system of coliphage PI (Hoese, R.B. 
iHaTSFs 5ski, K 99( he Cre- os s 

45 in 'Nucleic acids and Molecular Biology', Eckstein, F. 
and Lillsv. D.H.J, eds. Vol 4 S pp§9~109, Springer -verlag, 
i - I i there}, Cre~r< a ' ! 9 ) 

t seq *en - I r 
p. the recombination site in phage PI consists of two 

50 IStop inverted repeats separated by an 8bp non-symmetrical 
core (fig.SK In the configuration detailed in fig.o 
soluble light chain is cloned onto a phagemid containing 
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a simle lose p site, The heavy chains are cloned onto a 
>ngsid< the g3 fusion is the 
a e n a for a selectable marker, and the 

heavvchain /o3 /market sequence flanked by- two lox P sites, 

5 fhlsf plasmid also contains the gre ~ , . * on a 
recsulata&le prosjoter and has an orig 

am atib - witi * - * 
in addition to that on the helper phage e.g. piSA, HBF 
1010 and col 81 origins icill co»c 
10 The nhaoeoids are the « Into cells s nmq the 

donor plastic and the Cre recombinas 

so that recombination "between the lose F sites occurs 
inside infected cells* Some of these recombination 
events will lead to tbe hoavychain/g3/ma rke r sequences 
trans f err ina as a block onto the phagemid at its single 
loss P site. Fhagamids are then rescued with a helper 
priqe such as M13K0? and the r - sxd pan - cos 

either directly selected on antigen or infected into 
f resh host ceils and grown with sal* < 
20 presence of both markers? one from tbe phagemxd itself 
and the other from the haavyohain/g3 /marker block. 

The use of site-specific recombination to bring 
genes onto the same repXicon may he extended t 

25 of a continuous co >oe on the same ti.pl tcon, for 

example to construct single-chain Tv molecules. There is 
a single open reading frame In the ioa>F sequence that 
could be incorporated into an scFv linker which would 
than be a substrata for Cre-cstalyscd sit, 

30 recombination. placement of such modified scFv linker 
sequences at one or both ends of the genes to be $ sod 
can then result in creation of continuous open reading 
frames in vivo or in vitro when Cre racosibinase is 
provided. 

fhe strategy can be refined further if the Cre- 

cataivsed recom.bi.nat ion takes place in a polA strain oi 

bacteria, preferably E.coXi or other gram negative 

bacterium? these cells as* 
40 and are unable to support replication of plaseids 

(Johnston,, s. and Ray.. D.S. 1984,. supra). However,, the;; 

are able to sunt Lcatio 

plasmids contaxning i 

x? «. - r~ D 

45 in the sarnie pel A cell, successful recombination events 

the 

< t The 

resultinn cells are now tbe complete repertoire and can 
.s a1;> tested wit 

50 produce phagesasids containing the genes lot both chains 
and expressing them on their surface* 
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Qthei gen " N * 

mechan iss t tN s s ame 01 1 1 come 

{In "Escherichia coll and Salmonella typhimurium. 
Cellular and Molecular Biology." (1987). ppI034.--I.043, 
5 1G54~1070« Neidhart, F,C. Editor in Chief. American 
Society for Microbiology) , 

It will be apparent that the concept of using two or 
more replicons to generate diversity is not confined to 

10 display on the surface of filamentous foact 
For example, bacteria could be used »f 
genetic a spl; ■ package. For example, Fuchs el al» have 
shown the stionai antibody can be displayed on the 

surface of E.eoii by fus: 

15 lipoprotein (Fucfes, F, , Breltling, F»< onbei, z. t 
Seehaus, T and Little, H. (1991) Pargetting of 
recombinant antibodies to the surface of Escherichia 
colli fusion to a peptidoqlycan s < oprotein* 
BioTechnoiogy 9, 1369-1373), Kiauser et ail describe 

20 transport of a heterologous protein to the surface of 
B.ooli by fusion to Neisseria XgA protease (K.ianser, f, , 
Pohisr, J, and Meyer, T.F. .(1990) Extracellular transport 
of cholera toxin B suhuoit using Neisseria XgA protease B 
domain; conforaiation-dependent cuter membrane 

25 translocation, HMBG 9, 1991-1999). Other surface 
proteins such as pill, ompA or the surface-exposed 
lipoprotein %v& T could also be used, and gram positive 
organisms such as lactobacllli and streptococci employed, 
- Cloning and expression in Eukaryotic organisms is alsc 

30 contemplated » 

Alternative cloning strategies are possible whan 
calls are used in place of phage. For example, replicons 
can foe introduced into the cells by conjugation, in 
35 addition to transformation and infection. Moreover, one 
or more genes can be incorporated into the chromosome 
reducing the limitation of having to use compatible 
replicons, 

40 The polyeombinatQrial concept is also particularly 

advantageous for mutagenesis »a i llowing far 

greater numbers of mutant progeny to be produced . 

The applicants have realised that the 
45 oriai concept is applicable to multimerie 

proteins other than antibodies, such as T cell receptors, 
CDS and insulin receptor. Libraries of proteins having 
more than two different and diverse sebunits can be 
created by, for example, more than one cycle of 
SO infection. * Cells containing one of the subunits are 
infected with phage containing the second sudunit and the 
resulting population infected a second time with a 
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compatible, phage carrying the third subunit- 

la soma eases, it is advantageous to express two or 
more com n as s ? 

S to a ds will "nave 1 i 6 fcabxix* n « m 

betwee eparate 
oolypept ixw which ro 

domains which only associate in the presence o± xxgaad, 

The w&taucu of combinations possible with the 
polyeomhinatorial approach is limited only toy the number 
: f alar .resem in each of the roper c : n ;tte 
- using phase sue -r. to 

infect cells containing the other, by oi 

phage sad ceils that can he produced. The use of mora 
sophisticated methods, for example terpen tatxon 
technology, will alios? even greater numbers oi 
^ to be accessed. 

*>C-1VW09 1/17271 filed by Affyaax. lac, describes the 
express i * ll 9 hain but does 

that infection of cells I *g one 

rapix Pham harbouring another re 

libraries of greater sisse to bo coastruoted, Neirher 
does it describe the selection process for selecting an 
antibody fragment of interest using the t^n rapid 
They onh » opiate double selection to ma 
two chai gether in the same phage or bacterium, 

which, 1 a the fo ey describe, will 1 

of the library which can be constructed. There is no 
indication that with heavy and lig - n 

seoarate vac tors, the heavy an* light 
reshuffled, or how to identify the desired combination. 

A key difference over previous approaches is the use 
of separate sources of heavy and light chains ana the way 
in which they are combined to produce libraries of 
creator diversity. The applicants prov < tos tor 

the const of such libraries sn~ i haavs 

ght chain libraries may be combined to 

atlcnal car; aaans by 

whlc desired 3 at i ct < t 

v e , ibrs < can t way 

n** be several orders of magnitude larger than has 
nrevlousiv been possible. Where two replicons are usee, 
nv oairwise c 

< oiasmid, a a3 < cases with the antibody chains 
xvTi i *s soluble fragments i is j with the 

phage caoaid. At least one of the vectors is capable or 
beina incorporated into an infectious phage- like particle 
and at least one of the vectors enables association ot 
the sntibosv chain with aha phage caps id f tar example by 
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fission to 03p. Any of the above corxfigu < t ons can foe 
used in novel huxaanisaiion/mutsgenesis procedures 

The " chain -shuffling' 5 combinatorial approach is a 
5 particularly useful embodiment of the present invention. 
One m < for instance, a single heavy chain, or a 

restricted nuraher of heavy chains from an antibody known 
to have the desired antigen specificity of even from a 
repertoire of antibodies 

10 with an antigen of interest, and combine a population of 
such chains with a, perhaps very largo, gecoi 
dive? Lation of, in this instance, -light, chains 

fused to a rgdp component* The light chains would he 
expressed from nucleic acid capable of being packaged in 

IS a rod a. One weald then select for rgdps which each a 
display light chain with an associated heavy chain 
fovmlna an antibody specific for an antigen of interest, 
Su-h rgdps would each contain nucleic acid encoding a 
light chain. Light chains of the restr c 

20 so selected would then be combined with a genetically 
diverse population, perhaps a very large population, of 
heavy chains fused to a rgdi 

nucleic acid capable of being packaged in rgdps, a 
second round of selection for rgdps displaying specific 
25 binding oair meehers specific for the antigen of interest 
would "yield a restricted population of heavy chains 
capable" of associating with the previously selected light 
chains to form antibodies of the desired specificity* 

30 This technique enables reduction of population 

diversity to an < s-agea n?el whilst sampl. J ™~ 

very large ouster of combinations . Nothing in the : 
art" approaches this. It may be used advantageously- in 
of antibodies isolated pu tied fro* a 




The following * 
may be put into practice, 
skilled in the art that m _ 
will oroduce satisfactory results. The toi.i.owxng 
exemplify the concept by way of illustration only and not 
by way of limitation. 
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of phaganid with phage £d**S®S-l* 




in ptICX9,pUCU9 or pHSN~X as 
«olubl^ -texn ana ^ < 3 

iS^on ^ittG-l as a g3 fusion. Both ^ « 



*t S^Sfe and C 1 domains respectively. The -.0 u a 1 

SSLn the light ind l^avy chains » 

from both constat domains in «w < >n 

feature, is retained in subsequent 3 c f « ^ 

sequence of the template clone is shown in txg. 7. 

The strategy for cloning heavy and iighr cbolaa « 
- * i ted m txg 8? nrxetly, the 

SSfS *U£ separately km amplified _ with p~ that 
^corporate mg^^gSS^jS^STSA «£ 




of the fragments. - --- 

1-1 and rd~m£~l in both configurations r 
light chain on phagemid 



clc 



"chain Sfl I -Not 1 ~ • . _ 

into ptJClS and pUC119 derivatives which have had the 
ooSliiii- 'bstwwm the Sco BX and Hind XIX sites replaced 
S?S ^e seSfence sho^ in fig 9. which eontaxns 



compatible SSi X and Not X sites. These clones 

^ic transformed xnto E.eoXi stt 
male lact and a non-suppressor,- causing the ambe* 00 to 
35 l Cl to oe read as a at 

* chain exported to the ^axndax 
of the constructs were transformed xnto B.^olr 

then 'rescued* with fd~DOG~-l phage 
chain as a o3 fusion, and resulting 
for phOx binding in 




In this example, sections a) to g) de 

« ; ; - ; a « sssr - 

r Plasmid the effect the ha, , 

antibody expression, 
. 5 0 a) PGR amplification of fceavy and light chains 

Piasmid PTJC19 Fab If&tQ 12 . 5DNA was used as the 
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template for iCF n Fot» separate PCE 

reactions were set up, with the following pairwisa 
combinations of primers |t&BL£ %} % 

Heaw chain fd~DOG~I phage ; V ? 

Baavv 

Light cha 

ht chain pHE»-l phagemid: MVK8&SFX & FABNOTFOK 

P€R reactions contained lOmM Tris~HCX(pH8»3>, 50MW 
t s dHTP, 2.5«M Mg C12, 0.01% gelatin, 0,1 
uait/pl Tag polymerase { Cetus/Perkin Elmer), imM each 
primer and ing of template mh» FOR was carried out in a 
Techne FHC-2 thermal cycler (feebne, Duxford, Cambridge 
U.K. > using 25 cyles of 1 minute at 94»th I minute at 
50*0 and 2 minutes at 72 «C. 




were extracted with 1:1 
preclpitau 

.. . . .. t r J„, Fr.tr.sch, S « F . and 

Maaiatis, T. (1990) "Molecular cloning- a laboratory 
manual". Cold Spring Harbor Laboratory, Hew York.}, and 
25 pelleted DMA radissolved in 3§pl water, Eeatricticn 
digest were normally carried cut in X00»200pl volumes 
with 0.3-0.4 unite ensyme/ul (volume of enxyne added not 
to exceed l/20th of the total reaction volume) using 
conditions recommended by the manufacturer, end in the 
30 buffer supplied by the manufacturer. Digestion with 0x4 
unite/pi Not 1 eassyme (new England BioLabs) was carried 
out in ISOpl volume according to manufacturers 
instructions and in the buffer provided by the 
stnrer for 3hrs at 3?*C. The products \ 
chloroform extracted and ethanol precipitated 
id diqested either with ApaLI or Sfi 1. Apart 




The Apa LI dioest of the VHCH1 Ape LI ~ Not I fragment 
had to he a partial due to the presence of an internal 



Apa LI site. This wee achieved by digestion with 0.04 
units /pi Apa LI for 1 hour and the full -length fragments 
isolated from an agarose gel {see below), 

c). Purification of WE fragments 

Reaction products were ethanol. precipitated to 
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™-* U£3S! their volume thau run on a preparative 2% Low 
C.i- , X -triacetate EDTA ; gel the 

oa/~7< md « * the DNA ur* ea 

a wMClean kit in sconce wun e 
5 ext (Bio 101, i : * ^ Jo a, 

GaUZaZitSM, BBM- »**A fragments were resusgenaea n *E 
U^£U-HCX (PH 8.0), Q.im EDTA) and. Xxgateo to 
prepared vector (sections d ana e>. 

10 d) Preparation of vector BH& 

I0u« caesium afalorid^purified f a-DOG-l was digested 
wit h Apa LX and Hot I as above. 

1- wrp d tested with Sfi I and Not I, usxng the s»asse 
^ , the a D > o hove oi > ^ 

Siaietion and ethanoi precipitation, vector DHA was 
ph»phatas«d with 1 unit Calf lnte« f** 1 *™ 
£l«S?h«t«i<*e in 50u3 of the buffer recotnmeadea and 
>o t v t^a^cturer (Boehringer ****** UK 

Slf Lewes, ^< W 5 iC * ^ock 

for 3 another 1 unit « en 

added and the incubation repeated. Fort wrtar, 
Wl Of 10* STE ClOx STE is XOOmM TriS-dCX, pH j**0) % XK 
NaCL 10 % SDS * hen 

l at S8«C for 20 minut 
the phosphatase. The mlxxw* *** tl« 

briefly and * fch lU ph eno, > >^ 

then ethanoi precipitated as described xn feamhrooX. at ai, 
30 (1989.,. supra), 
e) Ligations 

The following ligations were set up? 

PUCX9 Sfi X~Not X tVHCHX Sfi X~*tot X 
Sfi I -Hot I 

pHEN Sfi l-Not I +VHGHX Sfi I -No* X 
oHKS Sfi I -Not I +VLGL Sfi I - Not x 
W-DOG Apa LI-No* I *VHC81 Apa LI -Not I {par^ax ^ 

f*-£0G Apa LX-NOt I * VLCL Apa LI-Not X 

For each, the following ligation reaction was set 

10 x NEB -Ligation Buffer | V* 



25 



35 



40 



4 3 



5C 



water 



6 pi 
2 ul 



* Digested vector (30 ng/ul) 

* Digested PCR fragment (2u---b0 ng/ui) 1 ux 

Spin for a few seconds in the miorofuge. Than add; 



nre phi 



WO 92/2091 



PCT/G i9 88883 



45 

* T4-BNA iigase {400 units/**!, MSB) 1 pi 
3. Leave for 2 tea at 25 *C or overnight at IS'Ci 
5 4. Transform into E. coM C sea below). 

Note; 10 x NEB- Ligation Buffer is 0»5H Tris-HCl, pH 

~~ — 7.8, o*m n g ci 2f oan vrr r iq*m i-atp and soo 

jig/ml BSI, 
f ? Ele^roporation &m® *01 or HB2151 

X. Thaw a via! of electroporation-cospetent bacteria on 
ice. For soluble expression of ant-.- it j 
IS from pHENl, the no«~suppressor strain BB2I51 is 

used. Fox- the others, TGI is used. 

2, Transfer SOpl cells- to a prechiXXed 0.2cm cuvette 
(Biorad), add 2 pi ligation jalx, shake to the bottom 

20 and sit on ice for 1 »in. 

3, Set up the Gene Pulsar {Biorad} tc give 25 nP, 2.5W 
with the pulse controller set to 200 ohms, 

25 4, ESX^the cuvette^with tissue end place in the 
eXeetroporation chamber, 

5. 

30 

§» immediately add X mi of S0C (fresh) to the cuvette 
and resuspend the ceils. 

7, Transfer to disposable culture tube, and shake for l 
35 hr at 37 *C. 

8. Plate fractious on 2YT agar plates containing 100 
pg/ml aMpicillin, 1% glucose for pKBM and pOC 
replieons or 2YT agar plates containing XSpg/sni 

40 tetracyclin for fd-SOS. 

Note 1: SOB is 20g Bacto-tryptone, 5g Yeast extract and 
G.5g Mad, in 1 litre. 

SOC is BOB with 5ml. 20% glucose, 1ml m MgCX 2 
45 and Iml 1M MqSG 4 added per XQOsaX. 

2YT is 20g Bacto-tryptone, lOg Yeast extract 
and 5g KaCl, in 1 litre. 

Mete 2s To increase transformation efficiencies the SNA 
50 in the ligation mix can be purified by 

extracting with phenol , phenol -chloroform and 
ethanoi precipitating and res ss ling 
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in water. Alternatively the 

U n« I p usia< ge* .B~ %/°4i; 

Efficiencies will go up IO-mx) rare it ^ix* 
purification st©# is included, 

5h*» desired clones were screened by PCH with the 
primers" used to clone the fragments and thexr identity 
confined bv DNA sequence analysis. Infectious particles 
were then produced from -these clones { see below , . 

g ) preparation of m~®m infectious phage particles 

1 inoculate colony of bacteria oontai DOG into 

2YT broth c n Lining i.5 ug/nil tetrac *e. «rw 
37* C- shakino for 20~24hrs* The yxeia o± p.aage 
«artiele< i d toe about ID 10 TO (transducing 



2. 




3, To supernatant add 1/Sth 



PEG/MaCl (20% PEG 



t leave 1 .hr at V6» Spin 3,000 

IS Mn (or 4,000 r.p.«u for 30 lain;).. 

pellet in a small volume at water and 



Spin down any remaining cells (5 mih in miorofuge). 
So the supernatant add I /5th volume of PEG/NaCl. 
Hemove supernatant and respln the pellet briefly. 
Aspirate off any remaining PEG?* 

Besuspend the oeliet in water (1/I00th original 
volume of culture) and respin 2 min in micro rage to 
* v a ~ -z .ni 



ito 

idual" h ' P ha 

,agh 0,45pm sterile filter (Minisart M 
Sartorius), 

Store the filtrate at 4«C. The concentration of 
<o should be about 10 l - TO ml" 1 . 



Pr»iii«sinary experiments using fd-DOG pnage ' > infect 
P H~N- i ^uqqaated that there is interference .batween rhs 
So because both carry a. , >, phage 

^nteroenic region, causing competition ior the same 

. t v — * jperime t below co irat 
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TGI calls, either uniransformed or harbouring pUCXS, 
OUCI19, ptfCI9 NQ1G.12.S chimaeric VKCKX and pUCliS 
N010.12.5 chin, .• ic - £CH1 were grown to mid-log phase at 
3?*C in 2YT medium, without antiboitic for TGI or 
containing IGOpq/ml ampicillin and .1% glucose for the 
recombinants. Cultures ware then diluted to contain ca, 
10 8 cells/ml using the approximation O.D*§qo 1*0*5.10 8 
colony forming units (cfu}/ml, and fdHDOG phage added to 
3, ID 9 tetracycline resistance transducing -units (TH f 
assayed on TGI } per .ad. After incubation at 37 *C for 30 
minutes, dilutions were 
XSug/ml tetracyelin and 
overnight to give the number of successful infection 
events" (-number of tet r colonies). The result is shown 
Llv in fig, 10. There is little difference in 
is whan fd~0OG phage infect TGI cells or TGI cells 
containing pbC19~ the fitre is equal to the number of 
input cells (since in this experiment phage were in 
excess ). However, when the host cell contains pUC119 (or 
any vector based on pudiS) the number of healthy tet r 
colonies C 2- 3mm diameter) is reduced ca. 100- fold, and 
there are now numerous tiny colonies <0.3~0.5»U8 
diameter). , These small colonies do not grow in liquid 
culture with tetracycline, and, as the num&er ©f 
small+lax-ge colonies^lnput number of cells it is believed 



that they ar< 
established. 



The presence of an antibody heavy chain in pOC19 or 
pGC119 has little effect on yield of tet r colonies after 

ection wish £d~D0G. Similar interference is 
when M13 is substituted for fd-DOG and the number of 
successful infection events assayed by plaque numbers 
(fig. 10 K The ahilitv to recover tur 

the" surface of phage "Was then tested - sections i and j 



i) Rescue of Fab phage 

The following rescues were set up; all chains are 
HQl 0 .12.5 ohimaeras t 

pl?C19 Heavy chain .X fd-DOG- Light chain 
POC119 Heavy chain X fd-D0G» Light chain 

Heavy chain x fd-D chain 
pH EN Light chain X fd-D0G~ Heavy chain 
pBEU Light chain X fd-DOG- Light chain 
j ft DOG-Heavy chairs 

Host cells (HB21S1 for pH£N-i , TGI for pUC } 
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container plasoid/phapemid with one of the two Fab 
used to repress the lac promote 

ware diluted It 100 into lOmls tresh /-Yf b in _ a Wal 
polypropylene tube (Falcon) and grown at o7 C to un 

onrlirkn either he * or ght cb 
10 fusiot 09 Ttf/ml flea ' n ^so 

cu^tur^s were then Incubated at 37 'C without snaKing f or 
30 wins then with rapid shaking for a-dv; S nans. 
Cells were ( y -ted hf ee*^* *t * °* 

for 20 mias at 4*C, the tub 

tetracyclic (no oluoose ~> inductxors} and grown with 
v rorous hak ng overnight: at 37*C. 

The next day. colls ware pelleted by cen 
20 ar 4,000* g *or 20 mr*^ at 4*C, are 

assayed for the presence of functional antibody ny SLXSA. 

j ) SSLXSa 

25 i. Coat plate (Falcon 3912) with lOQuI of S«K~B|a 

(14:1 'substlttstion} per well at 10 pg/nl, in PBS* 
Leave overnight at room temp* 

2. Rinse walls 3k: with FBS f and block with 200 ul per 
30 well of 2% Marvel/PBS, for 2 hrs at 37 *G. 

3, Rinse wells 3* with PBS, then add 25 pi 10% 
Marvel /PBS to all wells. 

35 4, Add lOOul culture supernatant to the appropriate 
walls. Miss, leave 2 hrs room temp. 

5. Wash out wells 3 times with PBS , 0,05% Tween 20 and 
3 times with PUS . AJk. i00p 

40 antj luted 1x1000 in 2% Marvel PBS xnto each 

well, incubate at room temp- tor 1.5 hrs. 

6. Wash out wells 3 times with PBS, 0.05% to 20 and 
3 fcisu s with PBS- PXpeti lOOpJ 1 ! - ' 

45 of anti~sl 

Sigma), incubate at room tesp, for Liars. 

7. Discard 2nd antibody, and wash wells 3 times with 
PBS r 0-05% Tween 20 and 3 times wi th PBS * 

530 s. Add one 10mg ABT S {2,2 t -s«iao bis(3- 
ethvlbenz thlazol ine~ 6 -su Iphonic sold), raaaoniuss 
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salt) tablet to 20m SO issH citrate buffer, pH4.5. 
(50 m sitrai $ $.1 @r, pH4»S is m J * 

volume® 50 mM trlsoaiuia citrate and 50 m citric 
acid ) . 

Add 2Q«1 30% hydrogen peroxide to the above solution 
' before Sir 



XQ. Add iOOpl of the above solution to each wail. Leave 
room tamp. 30 rains* 

11, Qwench by adding 50pi 3»2jag/al sodium fluoride. 
Read at 405wu 

Note l i 'Haxvei* is dried milk powder. FBS is S,84g 
Nad, 4.72g S3a 2 HF0 4 and 2.64g NaH 2 P0 4 . 2H 2 Q, 
pH¥«2, in 1 litre. 



The result Is shown in figure 11, where it can be 
seen that whether the resident replleon is a plasmid or a 
phagemid has a significant effect on the amount of 
antibody rescued by fd-DGG carrying the camp ; - 
Chain* The sianal cenerated from cells carrying the 
heavy chain on pbciB is ca. lOz that from cells carrying 
this chain on pixel!® whan rescued with fd-POG carrying 
the liqht chain, pKEN a Ives similar results to pUCliS, 
when the heavy chain is "expressed in pwm and the light 
chain on £d~0QG, end vice versa. although weak, the 
signal is specific since no antibody is produced whan the 
incoming phage carries the same chain as that on pHEH» 
Cleari/, tte'ttse of phage carrying one chain to rescue 
phagemid carrying the aom% e nrary chain does work, 
thouah the systes? would benefit from manipulation of 
phage or phagemid rsplieons to alleviate interference. 
An alternative is to use a plasmid vector in conjunction 
with phase which will result in selection of just one of 
the two chains. Such a strategy is used in example 2* 
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In this example a human VK repertoire xs c^oaed *nto 
doJSrO * * ains H cloned mlo 

Separate J 1 ^ * n S " sxt * at 

one end and Asc and Hot- sites at the other. 

Fd~»OG heavy chain phage are used to ! rescue * the 
PUCI9 ^sai ^ - 

- - ' — chain population is reauceo xn this 



antxaen. " The heavy chain pot atxc * r • 

wav then PCR-»«pl' ,M^v> 
and Not I sites and these fragments cloned axono^da the 
IS unseiected light chains tn pHEF pnagamwa. • 
both chains are new on the — 
selected simultaneously with antigen arter 



aixi<? used in this example derive from Xgfcl 
as IgGX £d (i.e. VHGH1) fragments without 



Sections & an^ b below describe construction of an 

stay be used to isolate specific antafooay fragments* 
a) Construction of^ftpa 1*1 version of CHI 

Construction of a AApa >I version of CHI is 
described here. The , a / ^ ' f 

since the primary purpose was C^f^^f 1 ^ * J®* 
phaoemia cloning vector., and = ; J£aSl2 

in CUi mi, one stop in . 
containinq the AApa LI ersion Oi i 
ate in the ne: ' 



The naturally-occurring Ana u site in the haven 
domain wa«= delated by ? PCR mutagenesis ' usmg parrxaliy 
ry oligonucleotides that ov< aund t ^ 

to and change this sequence tram feMC to 
" s <? wo FCE reactions were performed and me two 
joined in a second PCB-spiioing by overlap 



Two PCS reactions were set up as xn example 1 u . ■■ 

i « 'conduction with HUGICYSASCKOTFOR (Table 1). Template 
pVCl* Fab PI. 3 - this anti-lysozyfaa Fan has me same 
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human XgG CHI domain m pWHZ Fab NQ10.X2.5 described in 
example 1> HSR conditions wers ; 

1., except: -that the nnea tug 1 | trature was 55*c and 
extension was at ?2 !l C for 1 minute. The resulting 
5 fragments were purified for assembly as follows; 

1* To isolate small fragments for assembly --PCR, the 
pen-mixes are collected in one tube and 
electrophoreses on a 2% hGT (low gelling 
10 temperature) agarose gel with TBE buffer, 

2. These fragments ere purified using SPXN-X columns 
{ Gostar ) ♦ 

IS 3. The gel slice is loaded into the cartridge of a 
SFIN-X column and frossen in dry ice for 10-15 win. 

4<. Thaw tube and repeat freezing step (optional). 

20 S. Spin in a microfuge (appr. 13,000 r.p.a. } for 15-30 
min* 

6. Precipitate the filtrate by adding 1/10 vol , m 
.sodium acetate, pKS*2, and 2.3 vol- ethane! . 

25 

7, Chill on dry ice for 15 min, spin at 13,000 r.p.m. 
for 10 min at 4*C« 

8, Wash the pellet In 1 ml 70% ethanol and dry under 
30 vacuum. 

9. Dilute purified linker into 5 pi water or TE per 
original 50 ul PCS, and measure concentration on 
gel. 

35 

These fragments are then joined by FCE, A 50 ul PGR 
reaction is set up as before, this one containing 5 pi 
each fragment but no primers. The reaction is held at 
95«C for S mine, then cycled at 94 *C 1 min, 68»C 1 min 

40 and 72*C X min, seven times. KJHXEOSACK and 
HUGICVSASCNOTFOR flanking oli s c i ides were then 
added under the oil end the reaction cycled another 10 
times using the same conditions to amplify those 
molecules that have correctly assembled. The 

45 product was phenol extracted end ethanol precipitated 
then digested with Kho X end A so I and gel- purified, all 
under standard conditions* 

A second fragment containing the entire gill leader 
50 ?lu& polyi 3. Fd DOG DNA 

was amplif ad vi primers G3 1 I, cut 

with Ase X and Not X and gel -pur if led, all as described 
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in example 1- 

A 8-way ligation was set up with equiaolar 

snd Asc I Not X -cut; glli leaaex^poxvixakfcx 
" The resulting mixture was tx^fo^ ^to ^i 

as dese. 

r»HFM«tsfi>1B lead! i - N Xho I~C T I~AS - ! 

Timra ^ ^h«* nte e srl Lac r 

, r et 81. (1989) sop., 

clone c ? C T :igIXXX wl — < 

from which the internal Apa LI site has been removed. 

IS 

to) Insertion of CHI domain into fdPOG 

The A Apa IsZ version of CHI was now used as a 
e to/ construction of *n fid-l ivatxve 
20 containing the CHI domain lacking the Apa l>~ site - in 
th^s nc^trucu; the C~ terminal cystine reside nor^ili 
formxac a t -on3 *xth the o-xn was 

conned to serine fag FCE with the I 

This vector is now suitable for cloning of the repertoxxe 
25 of VH domains as Ape I«X>SeX X fragments. 

SOng of pJXM OrlffHIS. template DNA was FOR amplified 
in a 50,1 reaotion using the conditions descrxbea 
Example 1, with the priMn EDCawiBWUPA ann 

3D which bring in Apa LI and Not X sites; ^ the mm 

nrimex * • C~t«™^ cysteine Jhe c«. 

ISSo PCE fragment was then processed and digested wxth 
toa ll and Hot X using eondit 

LTx^Soi I lament was then cloned into the 

35 Separation of Apa LI and Not 

and transformed into TGI using the same procedures* 

The sequence of the vector was verified by mfh 
rook J, et ai, 1989, supra) ot «» . 
Jtr< tec from f ^ rare tolas 

(SSiroak J - at ai, 1989. ««, $ «* 

way (example X) xwzog t «Wf ij* 

vaetc 

<i cut wit >a LI ana Sal E. B th mzytma wexe 

provided toy the manufacturer (see example 1 1 * 
SO o) Preparation of cDM& template 

gSQml of tolood, containing approximately 10 8 B~ 
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lym»hocytes, was obtained from 2 ha< ' > ers, The 

while ce an I coll and EKA was prepared 

using a modi* sthod thala 8. ?. Ssvouret, B. 

Kendez, B«L» m&r, H, Sarin, J. A* Martial and CCD. Baxter 
5 C 1983) . A method for isolation of intact, 
transcriptionally active ribonucleic acid, DMA 2, 329). 
Three fix^st strand cDNA vntlr escribed 
by Marks at a! (1991, supra ) from BKA corresponding to 
2.5 X 10 7 8-cells, using an igM constant region primer 
10 for the heavy chains, and altorl constant region primer 
for light chains {Table If. 

d) FOR of Heavy Chains 

15 Two preparations of PCR~amptif led VB genes were 

made. Both preparations used an eqnimolar mixture of the 
HUJKFOE primers (Table 1)? in one of the preparations, 6 
separate PGR amplifies* > each of 

the HtJVBBACK primer a individually (Table 1), and in the 

20 other, a single PCR reaction was performed with an 
equimolar mis* of all 6 BWEBACK primers. For all seven 
PCKsv SO ul reaction mixtures were prepared containing 5 
pi of the supernatant from the CDMA -synthesis using the 
flOXGHFOR primer, 20 pmel total concentration of the BACK 

25 primers, 20 pmoi total concentration of the FORWARD 
primers. 2 So uM dOTPs, 10m KCl r lOm i 
Tris.HCX (pK 8.8), 2.0 m MgCX2, lOOmg/rr a id 1 pi (1 
units) Vent BHA polymerase (Hew England Biolabs). Tha 
reaction jsixttsre ares overlaid with mineral (paraffin) oil 

30 end subjected to 30 cycles of amplification using a 
Techno FHC-2 thermal cycler. The cycle was 94 »C for 1 
minute ( depasturation > 57 *C for 1 minute (annealing) and 
72*C for 1 minute (extension). The products were 
purified on a 1.5% agarose gel. isolated from the gel by 

33 Geneclean (Bio- 101) and resuspended in 25 pi of H ? p.. The 
seven oroduers were then pooled and f po ~ gh ! PCR 
reactions performed to attach ftps hi and Sal I 
restriction sites. 

40 Puiithrough x^eactions were set up with the. primer - 

HUVHBAAPA (equimolar miss of all t> pt ?r snd 
(ecruimolar mix of all 4 primers). 50ml reactions of 
containing Sul of the pooled PCR products tram the 
previous step were amplified using the same conditions as 

45 for the primary PCR except that 25 cycles of 
amplification were used. The resulting fragments were 
digested with Ana 12 ane Sal i#« 

f moments Heated to Apa Li and Sal I -cut fd~00G CHI as 
previously described. The ligation mixes were phenol- 
50 chloroform extracted prior to eieel -opos ti.cn into TGI 
cells ( example 1). Aliguots of the transformed cells 
»ere plated on 2YT agar s« \ ; rted with IS mg/ml 
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t:etranycli» and grown overnight at 37«C. 
a) FCR at &ight Chains 

* * mid JL~ch&in genes were amplified ss 5 using 

an sguilmolar mixture of the 

SACK ana FOKrfAHD nx. * * ^ 

ti<tlna an equimolar siKture of the & HUVKbAwK ,a~fea 
10 priors in conization with the t *er. X~ 

chain genes were amplified from the 

the BWCLJTOR srioer, and amplified using an equxmoiar 
mixture of lha 7 HULBACK 1-6 prxnx.; j " 5 ton wjth 

the HiTCLFORSEE primer, Xn each case SOpi reaction 

15 mixtures ware prepared containing 5pl o* 

from the appropriate cB^A synthesis, 20pmoi ratal 
a of the BACK primers 20 pjaj total 
3 £ the PCTRKAHD p« 
KC1, 10mM <NH 4 HS0 4 , 2<Sm Tris.BCi <pH B,b) r 2.0m MgwU, 

20 * 4 and Ipl U unit) Vent PVX 

Ehgland Biolabs). The reaction mxatora was ovarian, 
mineral (paraffin) oil and adjected to 30 cyexea of 
aapl i fication using a Techna thermal cycler Tee cycie 
waS 94'C for i minute (d m>, 57 C for "n 

23 (annealing) and 72«C for 2.5 minutes <«rt«Mxcm). «» 
products we're purified on a 2% agarose gel xso,ated from 
the gel bv Oeneeiean (Bio-iOl) and rasuspended in 2Spl of 

30 Two different pull through reactions were now 

performed on each of the two light chain preparations. J 
-chain genes x iplified in two reactions, uaxng an 

oquioiS fixture of the 6 V * ** 
con with either HOC, OT or 

35 H0CKFOKSERHOT . X-chai n genes were « » so ;> t . -, . 
reactions, using an equimolar mixture c: 
SSmerS in conjunction with either HBCLFO 

rough conditions wsxe performed as 
for the primary light chain PCRs above except that 

40 r were used. All 4 PCR rroducts 

" were digested with Mco X end Not I using the w» 
conditions aa used previa 

> e ic and 3l-chaxn < 
forewarn primers ware inses tea i fcco l-fco 

4 <> 1 v< ? red using the standard former)? those 

' amplified uafno the SERNG? forewarn prxsners sere i.nserteo 
.nto NCO X~No 

were eleotroporated ante roi by the same 
^thods as described in example 1" the ligation rtilxas 

50 ware purified toy phenol extraction and etnano 

water! ~ and 2.5ui samplas wars electroporated into SOpl 
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Eveoli TGI « Cells were grown in latl SOC for 1 hr and 

t ill In «-n»l H 

glucose ( 2YT&G- ) in 343 x 243 iv, 

were scraped off the plates into 10ml 2YTAG and 15% 
glycerol for storage at ~?0*C as library stocks. 

f> Selection of m%m®m Fragments 

The end result at sections a) to a) is the 
construction of two light chain libraries and one heavy 
chain library, The light chain libraries (VLCL) war© 
closed as Nco X«*to£ X fragments in both pHBN-1 and in 

n.9 Sfi-Not polymye. The VK genes ware 
il~Sal I fragments in fd-DOG containing a hussan CBI (C T i) 
domain from which the natural ftp* LI site has been 
delated (£4 -DOG G1GH1). 

The process is now illustrated schematically in 
figure 13. The pt?C19 heavy chain library is infected 
with the heavy chain fd-DOG library and fd phage bearing 
heavy asd light chain combinations on their surface 
produced x These phaoe are selected on antigen (with 
rounds of reinfection of the light chain library and 
reselection an option) and the sale he sh i 

amplified from the phage genome using PGR with primer 
G3LASCGTGB&CK at 



primer anneals to fd DN& upstream 
of the start of the natural g3 signal see 
in an uniaue Asc I site and a ribosome binding site 
(RES). Fdseq anneals at the 5* end of the structural 
part of o3 (i.e. downstream of the signal sequence 
cleavaae site) which is downstream of the Not X site 
flanking the Cyl domain. The PCE fragments therefore 
contain: Asc X~R8S~g3 leader- vBCHi~Not X. Mhan these 



fragments are closed into the eHEN-l light chain library 
asAsc X~Not X fragments, the heavy chain is fused to g3 
of pHEN-i and the Mot X site is flanked by 



Phaoemid particles produced from t »bis 
In a sup~E strain not only bear heavy and light chains on 
their surface, they also contain the genes encoding both 
sht eha ! ction on antigen one or more 

45 times will then result in isolation of functional heavy 
and light chain combinations* These clones can then he 
on binding as soluble fragments when 
the phaoemids arc tra es red into a son-suppressor 
Strain such as HF£i5i. An efficient selection process 
50 would he parts i only advantageous in this example. 
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Example 3: Soluble ^om&lsxatorlal libraries 

in this example either the light chain or the fd 
fraoment of th • ' sea Gn 

phane ©articles and the ooepXnxsantary chain proviaed as a 
I t - The fixture is partially denatured 

such that the chains separate but the domains don't 
unfold. The denaturant is then slowly removed by 
dialysis, allowing light and heavy chains to pack 
together so that they can fee selected on antigen. The 
effect of this procedure is that ttw , < * of one of 

the tv? > c v ' se ! 3 S 

qreatly reduced ana can then he cloned together with the 
S - , of partner chains by *~*«*m««. 



This approach Is theoretical ly tenable; ;UXQ U TU of 
ohaus provide ca. lO 1 - 4 heavy chains if oas ssurs - : 
molecules of heavy chain per phage and then assays for TU 
produce a 10-fold underestimate oi the ah a f^?J^ 
phage- One eg of a 25Kd light chain is 2.4.10— 
molecules- a 10-fold molar excess* 

Clearly, many variations on this 
once the principle hetilnd it is 
tple the positic 





„ **uman fd — 
could fee mixed with ilgt 
tifaA&t repertoire expressed in E.coli. 
the light chains could be purified from 

Tfee following example demonstrates not only that the 
principle is valid, but also that the process is 
surprisingly efficient . 

a) Preparation of Heavy Chain Phage 

VHCHX NQ10.12.S in fd-BOG was that constructed in 
example X. ' VHCHX antl-TNF in £d~XX>G was used_ as a 
ve control. Tfeis clone was constructed from a 
jnnrine ant 1 -Tumour Necrosis Factor mono 
rtu VH gen * of this antil 

in" fra^e, by PCR, to the human CHI (Cyl) domain from 
which the natural &pa IX site baa been deleted 5, see 
axaraole 2) and cloned as Ape LX-Not 1 fragments in 
These phage were grown and concentrated as 
in example 1. 



fo) Preparation of soluble heavy and light chain 
HG10.12.5 
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This was then diluted 
with an eguai volts*© of 1M Tris pHS.O and l/IQth volww© 
of IM 2~msreaptoethgmol added; this amount of 
saercaptoefchanol is sufficient to reduce the interchain 
hut not the intra -chain diaulphida bonds. After X hour 
at room to&o&ji 

10 by addition of X/lOth volume x.SM iodoacatamide and 
1 hour. 



25 



The sonar ated chains ware purified by 
on a Zorbsx Bioaiavas GF250 *TSK column (BuPoxvt) connected 
to an HFLC (Gilsoa}. Two hundred and fifty wi 
of the reduced mixture were run in 5M >' 
Sodium phosphate, pBS.O under the following , 

Flow rate O.Smls/min; Fraction volumes 0,25mis? chart 
speed »» lOrnm/min? detector range » 2*0 (2 
« up to XOOOpsi? run time « 30 minutes. 




soluble NQ10.X2.S Heavy 
Heavy chain phage + Soluble *?©X0.X2.5 Light 



anri-TNF Heavy chain phage only 

In each case, 1.10 11 T.y. of phage ware mixed with 
2 Sua . XOug, Spg or Ipa of ourified soluble light chain 
end" made" to Guanidine HC1/20kM Sodium phosphate, pM 



3.0 in 900ul final volume. Those samples 
placed in a Pierce Microdiaiyzer System 500 sealed with 
Viskinq tubing {No. 2, Medical X Ltd., London Hi ILK, 
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35 



40 



gaoMMK Sables ware diaiysed against 3 changes of 
IGOmM Tris~HCI , pH7.4 at 4'C for 48 hours ana usea. xn 



The above treatment (part 
HCX step) appears to have little or no ettecj on coe 

inactivity, since there is no drop In *.u. or the sample 
over tbo course of the experiment, 

<*) S&XS& shewing functionality of refolded antibedies 

Th* efficiency of refolding was assayed fey elisa 
acainst ph03£~BSa, which detects correctly refolded 
antibody. This ULISA was performed ir * as 

described in example I. The ke V ohs xs that 

^mtxtorfv w indeed recover 
N010.12.5 phage are mixed with puriiiea hQx0.12.b xxgbx 
chain. in fact, these ia little difference in signal 
obtained over the range of light chain coecentra^xone 
down to lug, atmn when those pi 

sake of clarity, just the Ipg ■ > * 3 ;» ho ?' n xn 

fie, 12. It is evident fro* thxs t ^tion xs 

absolutely specific : stimulation is only seen when heavy 
Shafn anti^r phage are mixed with anti-cut light chain™ 
no stimulation is ? seen when *mv* chzln anti-OX pfc - 
- or with heavy chain anti-ox phage mixed with 
a anti~0a heavy chain. Neither is any stimulation 
— anti-TNF heavy chain phage are nee 

mixed with anti-OX heavy or light ohaxn. Only 
heavy and light combination is used is a 




This ajioerxmenx «eaK»«s-sxa*as that the seas 
*urorisinetV well. The light chains could derive from 
other sources such as from a library constructed xn 



The 



E.coli or from sarnsa mtxm^x* *«- ^»*~™ «r*™™J- 

► if heavy ana light chains . 
to the above, i.e. light chain on phage and soluble heavy 
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Humanising rodeut antibodies issisg 
polycombisatorial libraries and CBS 



CDR3 oi th< ! hairs is general j xaA to be the 

most variable of all CDEs in terms of both length and 
sequence, and can make important contacts with antigen 
(Winter, 0. and Mil stein C. Maa-asSte Antibo4iea« (1991) 
Nature 349, 293-299 }« This is an important consideration 
when humanising, which can ha. bv €DR~graftina or chain- 
shuffling (PCT/QB9 1/01134). The applicants have realised 
that it be advantageous to apply the. 

polycomhinatorial approach to humanising fay a chain- 
shuffling process in which the VHCDR3 sequence of the. 
rodent antibody is imprinted upon the human VH segments. 

In thi«5 example a mouse anti-HIV gpl 20 monoclonal 
antibody was humanised. The VH domain of this mouse 
antibody was fused to the human C T 1 domain and cloned 
into pUCl9Sfl/Hot/polymyc. 

A repertoire of naive human light chains cloned as 
g3 fusions in fd~D0G was than infected into the cells 



.maerie heavy chain, and phage m 
2S antigen. These phaoa have both heavy and light chains on 
their surface, though the phage genome encodes Just the 
light chain? this is not a problem since the only -hm&Y 
chain is the one pxwided. 

30 Light chains selected this way ' 

a library of naive human v 
such a way that CDR3 of 
replaced with that of the original mouse heavy chain. 

35 Section a) deals witJ m of a chimaerie 

Fab fragment in which the mouse FSS VH and Vh domains are- 
fused to human CHI and CK sequences, This clone was used 
in early characterisation of the antibody and s< 
template for subsequent FCR amplification of 

40 chain, which was then cloned into pUCX9 Sfi-Not poiymye 
as a PstX~Not I fragment (section b}. Section c) 
describes construction of a hussan light chain repertoire 
in id-DOS, which was then infected into oa 
the chimeric heavy chain on pUC19 (section d). The 

45 resulting phaoa were manned against the peptide ( section 
©} and the selected light chains FCE~amplified and cloned 
as Asc X-Not X fragments alongside the chimeric heavy 
chain (section f) and assayed for their ability to hind 
antigen by EL ISA (section g). Selected light chains were 

50 recloned in pUC (section h) and naive human VH domains 
amplified with a mutagenic primer imposing the FS8 CDR3 
sequence on the domains, and the resulting fragments 
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cloned in phage (section _ This -P*™elS 



na " sale, 5 - cha ns on ptf€ ana the 
[wS* »heae wanned on antigen Finally, the selected 
q haaw and liaht chains are cion* ogerm 

I assay* -or rinding to antigen i section 3 } . 

«) Cloning of FSB Cbiwwerie Heavy 

xo i) ^l^^^Sl^lMSM^J^ 

Five ml of cultured hybridoma ceXXs (« 
x 106 cells) were *< 
200 pi 0 > 

15 boiled for 5 minutes. After centxxrugataon, 6» J-f™ 
'boilate' supemat 

^Sura tc-ultxne a *6 pi reaer.o 

f avian myeloblastosis virus (AMV) 
was added, the react ion incubated 
at VS ™C "^T" hour, heated to 100*C for 3 minutes, 
Sensed on ice and centrifuged for 5 minutes. The 
Supernatant was then used ijsmediateiy for FCE« 

Separate PCR amplifications were performed for She 
heavy and light chains. Fifty pi reaction a^ro 
prepared containing 5 pi of the supern»tanr ^ th- w**j 
Ps, stWrM KCX lOOmM lrx& Eel 
UMTS). L*M 173pg/mi BSA, 2GpmoX each ot the 

ISoropriate mixtures of forward ami back pr« 
C a «son, r et aX. (1931) supra) ana Ipx (b unxre) 
ss aauaticus (Tag ) ONA polymerase (Cetus 
iryvilXe, C*>. The reaction raix^re was overeat m 
oarSfin oil and subjected to 30 cycles f ^fS? 
usinc a Teehne PHC-2 thermal cycler . The cycle was 94 ^ 
for 1 minute f denaturation) , bt>*C for 1 sunere 



< anneal. ng) ^ " " ' - - * ' ; , „~f 

, G r- * wi-Ul ot-hsr once with 

etbsaol pt 3 - * reeuepended 

in SO pi of H 2 0, 

11) Cloning and: ^ sa^nar of amplif ied,.M^ Q|Lm 

The amplified VH DNA was digested with Pstl and 
nstBXT ourtfied on a 2% low melting point agarose gex 
l~T*iUled into M13VHPCW digested with Pstl and BstEIX 
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f Or I audi, R« , 0*.H« . Gasaow, P.T. Jones and <?* Winter 
( 1989 >. Cloning immunoglobulin variable, domains for 
expx v assion the poi^ , 1 - I roo.Nai 

Acad. Sox. , j 

was dieested with Pwll and Bgl I.I and Xigated into 
HX3VKPCR1 digested with. Pvu i I and Bel X . The Lga ; 

'. used to transform competent TGI. ceils.. Two 




A ohimasric Fab containing the F58 variable domains 
31 CHI and Ck domains was constructed by 
V-dowains into a vector containing the 
M13VHPCR1 oo«tain a th 5 ~ VH < 
digested with P&tX and BatKII. The resulting F58VH 
fraamant was then purified oa a 1.5* agarose gel, 
isolated from the gel with Geneoisan and Xigated into 
pJM~iFabDl«3 digested with Pstl and SstSXX (This clone 
has the same constant domains and restriction sites as 
FabN010.12.S described In example 1 - in fact 
FabNQ10.l2,S was constructed using the constant domains 
pj»~i FabDl.3. The ligation mixture was used to 
transform eomoetent B.eoli N4830-1 cells (Gottesman, K.E. 
S. and Das, A* (1980) J.Mol.Biol. 140, 57-75} 



clones containing the F58 VH identified by re 
30 analysis of RF DNA. The FS8 W was snpii led by PCR with 
the primers Vk2BMSR and Vk3F0H2 (Claekson, T. at al 
(1991) supra) nsinq HlSVkPCR containing the FS8 ¥k as 
template. The PGR product was digested with SacI and 
Xboi. purified on a 1,5% agarose gel, isolated from the 
3S gel with Genaeiaan and ligated into pm~l Fab vector 
containing the FS8 VH digested with Sao! and Xhol. The 
liaation -mixture was used to transform competent E.coXi 
N483G-1 calls and clones containing the F58 Vk identified 
by restriction analysis of RF ONA. 

40 

fe) FCE and Cloning of FSB Oiimaeric Heavy chain 

The FS8 chissaeric heavy chain was PGR amplified from 
F58 Feb clone PNA , using the procedure described in 

45 example 1 and using the primers VHXSACKSFI15 and 
H0CK1 FQRASCNOT {Table X)* The resulting ca. 70Qbn 
frsqment was digested with Fat I and Mot I and cloned 
into Pst J and Not I -cut p0CX9Sfi/Mot/poXywyc plasmid 
using standard procedures (Samforook, J. at al 1989, 

50 supra, and example X). 

c) Construction cf Light Chain Repertoire 
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The light chain repertoire was constructed i 
same materials and 3 Kample ~, 

with the exception that the pulltbrough was performed 
tssing > seres 

XchaihSJ HOVX&AAPA (equistolar mix Of 1-6) S HUCLFORSSBNOT 
Kchainsj $WmWS>A (eguimolar mi* of 1-6} S. HUCKFOBSERHOT 

TO PGR oroducts were digested with Apa LI ana Not; I 

using the "standard format and cloned into Apa LX aha *q$ 
1-cet fd-DQG as described in examples 1&2. Phage were 
prepared free the library dons rised n ea 

1&2" and used to infect ceils containing the heavy crsain 

15 (see below), 

d) Production of Stoat fled F* 



Ceils coats mine the F58 ehiaias ? 
grown overnight at 3?»C in 2TSm and 500 ul added to 
SQmls fresh 2fTAmp jse&ium, prewarmad to ^7*C, xn. a 
conical flask. The cells were grown with shaking to 
O.D.AAn of oa* GvS fcefore adding a total of 10— phage 
from the light chain repertoire. The culture was le±t at 
37 *C for '45 minutes without shaking thee shaken 
vigorously "for another 45 minutes at 37*0 before adding 
tetracaine to I5^g/«1 and shaking overnight. 

Phage were harvested by precipitation of the 

culture "supernatant as previously described (examples 
1&2) and need for selection experiments . 

e) Fanning of Shuffled Fan Phage 

This? wee performed on maxisorb plates as previously 
described (Karhs J. et al, f 1991, supra), with the 
exception that the tubes were coated with eav gpX20 V3 
icon peptide of HXV-l isolated XIIB dissolved to 10pg/atX 
in Vater. This peptide wr >btain >e AIDS- 

directed program (repository rer: ADP/3.0 and has the 

The oeaga elated from the tubes were used to re- 
infect fresh" cells containing the F58 ohimaeric heavy 
i She m ag/re-infac o procedure repeated 
another three times. 

f ) HecXoning of Selected Slight Chains 

Selected light chains were FCE-amplified from £d~S0£ 
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iiqht chain UNA using the procedures described in example 
1 and prime - CK and HOCLFOKSERHOT or 

BUCK FORSHRNOT . The G3LASCGTGBACK primer anneals upstream 
of the rrcr art of the gl II signal in £d, and 

S brings in an Asc I site and a rifeosome binding site 
CRSSK These fragments we t sc X and Not 

I and cloned into Asc I and Hot I -cleaved pUC19F58 
piasmid fas shown in fig 13} so as to create a cistroa, 
enabling soluble Fab to' be produced. This was analysed 
10 for peptide binding in EL ISA and hound antibody detected 
by virtue of the wye tag peptide on the end of the light 
chain. 



15 



0) 



This was performed as described below, 

inoculate lOOpi 2x*Y, 100 pg/ml ampicillin, 1% 
glucose in 9 6 -well plates {'cell wells', Knoion ) and 
grow with shaking (300 rp») overnight at 37 «C. 



2. Use a 96-well transfer device to transfer small 
tnocula from this plate to a second 96-well piate 
containing 2G0ul fresh 2xTZ t lOOpg/ml ampicillin, 
25 0.1% glucose per well, grow at 37*C, shaking until 

0 «®°&QQxw is approximately 0-9 (about 3 hrs>. To 
the Veils of the original plate, add 2 Sal 60% 
glycerol per well and store at -70*C. 

30 3. Add 2Spl 2xTY, lOOjjg/ml ampiciilin, 9m XPTG (final 
concentration 1 m SPSS').* Continue shaking at 30*_C 
for a further IS to 24 hrs. 

4, Spin 4, 000 rpm for IQmin and use IQQwl supernatant 
35 in ELXSA. 

5, Coat plate {Falcon 3912) with 50pl per well of 
peptide at XOpg/ml in water. Leave overnight at 

40 

6, lUnse wells 3x with PBS, and block with. 200ul per 
well of 1% BSA/F8S, for 1 hi at 37«C* 



Rinse wells 3k with PBS, then add 2S«1 6% 8SA/FBS to 



Add lOOui coll i supeiTii >ni nin Fab 

to the a| te wells. Miss, leave 1.5 hrs room 



-card test solution,, and wash out wells 3 1 
with PBS , 0.05% Twaen 20 and 3 times with 
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30 



Piootte IGOpl of 4pg/mX purified 9SX0 antibody, in 
2%" MarveX/PSS, into each well. Incubate ar room 
temp . for ' 1 » S hrs » 

Discard 9EX0 antibody, and wash out wfclls with 3 
. i 3 ! ar.s 3 t *ith P8a». 

>Oul of 1:500 dilution of anti-mouse 
antibody ( peroxidase -conjugated ant s.- mouse 
immunoglobulins, Dakopats /ICN , or peroxidase 
conjugated anti-mouse IgS, fc^eciric, ^gma «- 
2SS4}." incubate at room tamp, for X.o his, 

Discard 2nd antibody, 3 with 

0,05% Tween 20 an 




1:3, 
IS, 



( 2 , 2 ' - a 3£ in o bis< 3- 
phonic acta), e 
salt)°taUetTo"20«l. citrate huff or, pH4.5 ; 

C 4*r?>*& buffer, pK4.5 is made by mixing eguax 
;4lumea IS^ trlaodlL citrate and $0m citric 
acid). 

Md 2ul 30% hydrogen peroxide to the above solution 
immediately before, dispensing. 

Add lOOul of the above solution to each well. Leave 
at room tamp, 20-30 mine* 

Quench by adding SOui 3»2mg/mi sodium fluoride. 
Head at 40Srpu 

Alternatively, inoculate clones *™ 
transformation plate into X00»1 X00ug/mi 
amoieiliin, 0.1% glucose in 96- well plates 
■ '■ Wi'i wells \ Nuclon) and grow with shakx: 
Toa) 3?*C, shaking nni:±l CUD. 
mlmataly 0.9 (about 6 hrs). Continue wxth 
3. 

«: based on that of BeBallis D. and 
? 0 N ,ci sids, * 
es on cue low "IS s ?Xnc ent xr 

• starting medium being metabolised by tne 
time the inducer (XPTG) is added. 

Ktt+ts 'Marvel* is dried milk powder. PES is 5»84g 
M2 ^ 4 * Hall 4 ?V Ma,H? 2,6 i * 0 

pB?.2 f in 1 "litre. BSK is Bovine Serum ?,Xbumxn. 

h) Suhcloning Selected Light Chains 

Light chains were pCR-ampIifies from OKA of selected 
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clones using an eguimolar mi.sc of the ? HUVLB&SFX primers 
in conjunction with KUCLFORSERASCilOT or an equities! ar miss: 
of the 6 HUVKBASFX primers in conjunction with 
HUGKFQHSHRASCKOT as described in example 2. PGR 
5 fragments were out with Sfi 1 and .Mot X and cloned into 
8£i~l and Not 2-cut pUCXOSf i/Mot/polywyc then iu nsi >rm 
into tgi . 

The panning/ infection process described above is 
10 essentially repeated again,, this time with the positions 
of the heavy arid light chains reversed. 

i) Cim-impriatlag VM 

15 VH domains were amplified from the pooled primary 

FCE material described in example 2» Sis separate 
pulltshrcugh reactions were performed with the mutagenic 
F58GKAFT3H4SAX. primer and each of the HWBB&AFAl-S 
primers individually. Conditions for the pullthrough 

20 were the saxse as in example 2(d) except that the 
annealing temperature was lowered to 45 *G. 

The resulting VH fragments were pooled and cut with 
Apa LI and Sal X using standard conditions and cloned 

25 into Apa LX and Xho. I -cut fd~DOG~G!CHX using standard 
protocols '(Sal 1 and X&o I produce compatible CTAG 
overhangs ) . Phage were prepared fro® this Horary as 
described above, this time using the heavy chain phage to 
infect cells carrying the selected light ol - sprees 

30 in pgCI9Sfi/Hot/poly3ttyo. 

j ) Screening of Final Kaavy-ldght Combinations 

The end result of this process is a pool of selected 
35 heavy chains and a pool of selected light chains. These 
are now combined at random* Heavy chain 
FCR-amplif led using an equimolar mix of all 6 HUVKBACKSF3 
primers in conjunction KOCHXFORASCMDT using the procedure 
described in example 1, These fragments are cut with Sfi 
40 X and Asc l and gel-purified using at $ J oce&ures 
(Example l) t then ligated to eguimolar quantities of Asc 
I -Not I -cut light chains produced in step f) above and 
Sfi I and Nor I -cut pl3 : - or t also 

produced earlier. Alternative! y , these Sfi I -Asc X 
45 fragments replaced the F58 heavy chain in the constructs 
shown at the end of fig 13 (A), These constructs were 
then transformed into TGI and analysed for peptide 
binding activity by BX.XSA. as described above. 

5.0 The end-products are completely human Fab fragments 

with the same or similar antigen-specificity as the 
parent rodent antibody. 



WD 92/20791 



FC1YGB92/0W3 



66 



: ! r:-le S 

'^sjjiav_o"f Sinai s^OiaifLJv and^ut„ Fragms^^ 

JtnTiTox ^ x ^ bod ^ < - ~- 1 v,r " - ^ v v ^ ' 

5 pHBtn i - < < AT2 ^ ^ 

A "range of construe 
a clone, (essentially construct: II in pUC19 } designed for 
sion j sua of a soluble Fab fs mxi | rter et: 

al* 19S8 sue above s from the mo h©nyl~S~ 
10 oxasoloae) antibody NQ10- X2 ♦ 5 (Griffiths, G» M» et al . Nature 
312 271-275, 1984), In construct II, tha V~:ragions are 
derived' tram NQXO.12.5 sad attached to human Ck and CHI { 1 
at do T*e C-termlne s » 

form a covaient link between light and heavy 
IS antibody chains, have been deleted from both the constant 
domains. To clone heavy and light chain 5 e.r as Fab 

it® crm&nt& (construct II) or as separate i 
and IV) for phage display, DMA was ar.pl * ; J 
IX bv FOR to introduce a NotI restriction site at the 3' end, 
20 and at the 5* end either an ApaXI sits (for - into fd~ 

CAT2) or Sfil sie (for cloning into pHBHl } * The primers 
FABNOTF0K. with VHl B ACEAPA (or VHIBACKSFXX5 ) were used tor FCH 

ab fragments (construct: XX), 
the primers FABMOI'FOH with VK I BACKAPA (or VHXBACKSFXXb) for 
25 heavy chains ('construct III), and the primers FABNGTFOK and 
MVKB&APA (or MVK8ASFI) for light chains (co vh 

The single-chain Fv version of NQIO.12,5 t construct 1) 
has the heavy" (VH) and light chain (¥k} variable domains 
ioined hv a flexible linker (GXy«Ser) 3 (Huston, J. S. et al. 
30 Froc. Natl. Acad. Sol. OS ? 83, 1988) and was 

constructed fro® construct XI by 'splicing by over rap 
role 14 Of WO 1 
, wore reamoU ,;.ed with primers VK3F2N0T and VH1BACKAFA 
?or viUBACKSFIla » nan t cloning into 

35 fd~CAT2 (ApaLX-NOtI) or pHENI (SfiX-NotI). 

yBXBACRAPA,S ? -CAT GAC CAC &GT GCA, CAG GT( C/G) <A/C)A(A/G) CTG 

f< C ^ T > GG; „ ™ ™ 

VHXRACESFXXS , 5 * -CAT GCC ATG ACT CGC GG^CCA,,C ^C ,. G kC.CAT Guu 
40 CCC G}A GG1 ,C GXA/C X (A G)C1 OCA 2{ i)A GTC h T}GG; 

KBt H, ' CC? CGA TTC TOO „G?iC..CGC TCA AOA TTT GGG CTC AAC 
TTT CTT GTC GAC? 

! :& itc tg gcc cgc tga ctc tcc gcg gtt ga* 

OCT CTT TCT GAC; 
45 MV x i 5 API ,5 hC APT GCA CTC OAC ATT ? 3AG TCT CCA? 

/KB ASF I CAT ( ? TjS ATG GCC GAC ATT 

GAG CI 8 & TCT CCA? 

/i - >S CCO TTT CAC CTC GAG CTT GOT CCC, 

Restriction sites are underlined <. 
50 Rescue of Phage and Fhagemid particles 

roxv'-if nsot^ r-xv { figure 27) were introduced .uit.o born td~CAT2 

\ > ' 11 111 or XV) was 
taken from the supernatant of infected E.coli TGI after 
it 37*C overnight ^n CxTY nndsun with 12, Sp /ml 
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5 superinfection by helper phage). lOgl of 
culture was used to innc lat« *. sul 



of 2xTY medium, iOGpg/mX 
and shaken at 37 *C for 1 hour, "The 
i 2jeTY, 100 ug/«a 



phage (Strateger 
one hour, 4jil kanamycin (25 mg/mi) was added, and the cuJ • x: •-, 
grown \ < *tad 10- 

fold for ELISA by precipitation with poiyetl 



IS Detection of phage binding to 2~phenyX~S-~03Kaso2 i h 

performed as in example 9. 96-<weXX plates were coated with 
10 pg/ml phOx>ES& or 10 pg/ml BSA in PBS overnight at room 
temperature., and blocked with PSSS containine? 2% skimmed milk 
powder. Fhace (mid) supernatant CS0 pi) mixed with 50 ul pbs 
20 containing 4% skimmed milk powder was added to the wells and 
assayed. To detect binding of soluble scFv or Fab fragments 



Pelham 1986 supra, was detected using the ant i- my a 
- al 9E10 (Evan, 0» X* et al. Hoi Ceil Biei 5 3610-3- u , 



secreted from pHKMl , the c-jsyc peptide tag described by Hunxo 

25 1985 } followed by detection with peroxidase-co > i - 

s in exa 



anti-mouse iiamonogXobtjdUtsu Other details are as in example 
9« 

The constructs In fdODOGl and pHEMX display antibody 
fragments of the surface of filamentous phage . The phage 
30 vector, fd-iXKSl (figure 16) la based on the vector fd-tet 
(Zacher, A, N. et al. Gene 9 127-140, 1980} and has 
restriction sites {Apahi and. Not! ) for cl >ni iv genes 

(or other protein) genes for expression as fusions to the 
ermims >.e phage coat pi > the 

35 antibody ~g3p fusions in £d~B0Gl is driven from the gene III 
promoter ana the fusxon pxotoin t s plasm ov 

means of the g3p leader. Fab atad scFv fragments i MQ1G.X2.5 
cloned into £d~D0GX for display were shown to bind to »hO»~BSA 
(but not BSA) by EL ISA (table 2K Pbaqe were considered to 
40 he binding if of the sample was at least 10- fold greater 
in EI..ISA. 

(fig. 17), is based uoon 
pUCXig and contains restriction sites (SfiX and NotX) for 
cionino the fusion proteins- Here the transcription of 
45 antibody ~g3p fusions is driven from the inducible XacZ 
promoter and the fusion protein targetted to the periplasm .by 
means of the pelB leader. Phagemid was rescued with VCSMX3 
helper phage in 2x$Y medium containing no glucose or IFTG: 
under these conditions there is sufficient expression of 
50 tibodv g3p Fab 5 I into 

pKENI for display were shown to Med to ph0x~BSA (but not BSA) 
by ELXSA (Table 2) using the same criterion as above. 

An alternative methodology for preparing libraries of 
Fab fragments expressed on the surface of phage would he to; 
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X, Prepare a library of phage expressing heavy chain 
• 3 .nes from inserts in the p - *ome. . „ nU . Hri 

svrp^ivf e hibrarv of liqht cnain genes ifi & p~aoxd 
eioraas « toi in E.coli, f *< ^f 1 

5 1 olate the soluble protein light cfaisis express irom this 

^^ ai Bind the soluble protein light chains fromt ha library 
to the I ~ *Xn library display* i on phage. 

4. select phage with the desired properties of affmxty 
10 and specificity. 

These will encode the heavy chai; $ i 
5 isolate the light chain g 

;?;.ich form suitable antigen Li, in t t 

the selected heavy chains, preferably rv n.xr i 
15 of bacteria, container «1<3 wressirn rt c barn 

with phage expressing the selectee heavy cihaxn ana then 
assaying for antigen binding. 

♦ ' PhaaeMsl J -Ci2gi_ X LsJBSs. 1 troif- ' ' - _i- ; l ** h 

20 . laiMs;i h^^li^- : , s 

oTth s ar<e- 

^h-'th random c\ x X libraries there is a 

limitation on the potential diversity of displayed Fab 
2S fragments due to the trans formation efficiency o± ba 
jells, D s 

libraries) to overcome this problem, po ly increasing 

the number of phage * or of 10 . 

For assembly of heavy and light chains expresses rrom 
30 different vectors., phages*!* (pHSNl-IXX or IV) was grown xn 
E.coli HS2XS1 (a non-suprassor strain) to allow prootictxon or 
f , i as above exc 

ains as fusions to g3p i 10 Tti 
m~QQGl~lV or XXX respectively) and 2 pi tetracycline K XZ*a 
35 iso/al ) in place of kana$aycin* a , 

Separate Vectors to Encode Fab Heavy and hs ^ * 

The heavy and Ixght chains of Fa jnumts c«u 

,:oaethet in the same vector or in different vectors To 
i this the heavy chain (construe 

«nt chuxn 

(construct IV) ""into fd-OOGl (to tnaks the fission witn gap). 
M 111, 5 own In E ^xi H82 : 51 (no- 

v psag 2nd pha wwn 2 

hind to T>hOxiB$K but not to p. 
45 that soluble licrht chain is correctly associating with the 
hi wy chain « nehbre I to i hi ? k , ther heavy chain nor 

lioht chain alone bind antigen {Table 2). _ 

cess *rars ol -he revs ejtperxraaxH 

^ ~, * 5- ,ZZ~ p aces - >; 

*n * s haj was'croducj ^ olub) nolecu 
"~ chain ( « to g3p (Tahie 2). Hen a < b tr «at is 

;v^ v ->vabied on. the surface of phage by iusion or either aeav> 
m : c v *o li q.3, ^ s secrete^ 

using "the same or another vector {figure 19), 
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The resulting phage population is a mixture of phage 
add to. ■ *gemid. The ratio of the two types of particle 

was assessed by infecting log phase E.coli TGI and plating on 
TfE platea with either IS pa/ml. tetracycline (to select for 
5 fd~DOGX> or 100 \xg/ml ampioillin (to select for pHENX } . The 
litre of fd~0OGl ~ phage was 5 x 10 u Tuyml and the titre of 
pHENt 2 x 10™ TU/mX, indicating a packaging ratio of 25 phage 
per phagemid. 

Demonstrated here Is an alternative strategy involving 
10 display of the heterodimarie antibody Fab fragments on the 
surface of phage » One of the chains is fused to g3p and the 
other is secreted in soluble form into the periplastic space, 
of the E.coli. where It associates non-eovalently with the g3p 
fusion, and hinds specifically to antigen. Either the light 

IS or heavy chain can be fused to the g3p: they are displayed on 
the phage as Fab fragments and bind antigen { Figure 19). 
Described are both phage and phagamid vectors for surface 
display, Phagemids are probably superior to phage vectors for 
creation of large phage display libraries. Particularly in 

20 view of their higher trans feet ion en <vO to three 

orders of magnitude higher), allowing larger libraries to be 
constructed. The phagemid factor,. pSE¥l also allows the 
expression of soluble Fab fragments la non~an, r.ooli.. 

Also demonstrated hare is that heavy end light chains 

25 encoded on the aasse vector (construct IX),, or on different 
vectors (constructs III and XV) can be displayed as Fab 
fragments. This ofi'srs two distinct ways of making random 
combinatorial libraries for display. Libraries of heavy and 
light chain genes , amplified by FOR, could be randomly linked 

30 by a 'PCR assembly 1 process ( example 14 of WO 92/0104?) based 
on 'splicing by overlap extension 1 f cloned into phage (mid) 
display vectors and expressed from the same promoter as part 
of the same transcript (construct XI) as above., or indeed from 
different promoters as separate transcripts. Here the 

35 phage <'$aid) vector encodes and displays both chains « For a 
combinatorial library of 10' heavy chains and 10 7 light 
chains, the potential diversity of displayed Fab fragments 
(10 U ) is limited by the transf action efficiency of bacterial 
cells by the vector (about 10* clones per eg cut and 11 gated 

40 plasmid at best} (tshul Dower et al Nuci. Acids, Res, 16 6127- 
6145, 1988). Libraxias thus prepared are analogous to the 
random combinatorial library ssetfedd described by" Ease, With 
et ai Science 246 1275-1281 (1989),, but have the important 
additional feature that display on the surface of phage gives 

45 a powerful method of selecting antibody specificities from the 
large number of clones generated, 

Alternatively, libraries of heavy and light chains 
could be cloned into different vectors for expression in the 
same ceil, with a phage; vector:- encoding the a3p fusion and a 
id encoding the soluble chain. Tl acts as a 

helper, and the mfecrr< : a procured hoi sed phags 

and phagamid. Each phage or phagemid display a both chains but 
encodes only one chain and thus only the genetic information 
for half of the antigen-binding site. However,, the genes for 
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both J£u bod- ehains can bo reccv, ' > - 

on the selective eedium, suggesting a means by w^ch euxua.ry 
complementary aairs of antigen binding heavy and xxght chain 
3 nld b« selected fros randoa 3 
5 I i hreriei i parte! i phage 

could he used to infect eel is harbouring a library ox soxubie 

***iniW raised ohaae library, and the new combine torxax 

i o ~ibra* e eauad of t 3 rnu3, 

t bod heavy and light c > genes * *± « ^ u 
; purificat sn Finally, a. 

i. ( ould ;e plated and 

- phage. Such con 

a single vector. By combining separate libraries or in rrg^t 
chain phage(mid) S , the diversity of exsprayed ,ao 
(potentially 10 \) is United only by the co^er oi .occer,, 
no 12 per litre). More simply, the use ot 
->0 the construction of 4 hxex.a - : 

in wnich ■ sed heavy or light chain is paired warn s xxbrary 
or partners (example 22), offering a means of 5 fine -timing 
antibody affinity and specificity . 
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1. A method of producing meltlmerie specific binding 

pair (sbp) members, which method comprises expressing 
5 from a vector i» recombinant host organism cells a 

population of a first polypeptide chain of a specific 
binding pair xaea&er fused to a component of a secreted 
repllcabla genetic display package (rgdp) which thereby 
displays said polypeptide chains at the surface of rgdps, 

10 and combining said population with a population of a 

second polypeptide chain of said specific binding pair 
member by causing or allowing first and second 
polypeptide chains to come together to form a library of 
said multlmeric specific binding pair members displayed 

15 by rgdps, said population of second polypeptide chains 
not being expressed from the same vector as said 
population of first polypeptide chains, at least one of 
said populations being genetically diverse end expressed 
from nucleic acid that is capable of being packaged using 

20 said rgdp component > whereby the genetic material of each 
said rgdp encodes a polypeptide chain of a said 
genetically diverse population, 
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3. A ©fcthod according to claim 1 or claim 2 wherein 
at least one of said populations is a&pressed from a 
phagasaid vacter, the method including using a helper 
phage ov a plasmid expressing complementing phage genes , 

5 to help package said phagemid genome , and said component 
of the vg&p is a capsid protein therefore;, 

4, A seethed according to any one of claims 1 to 3 
wherein first and second polypeptide chains are expressed 

10 in the same host organism cell. 

5, A method according to any one of the preceding 
claims wherein each said polypeptide chain is expressed 
from nucleic acid which is capable of being packaged as a 

15 rgdp using said component fusion product, whereby 

encoding nucleic acid for both said polypeptide chains is 
packaged its respective rgdps ♦ 

6. A method according to any one of the preceding 
20 claims which comprises introducing vectors capable cf 

expressing a population of said first polypeptide chains 
into host organisms which express a population of said 
second polypeptide chains in free form, or introducing 
vectors capable of expressing a population of said second 
25 polypeptide chains in free form into host organisms which 
express a population of said first polypeptide chains. 
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7. A. method according to any one Of claims 1 to 5 
wherein said saoond pol W ep*lde chains are each express 
«• a fusion with a component of a rgdp which thereby 
displays said second polypeptide chains at the surface 



a method according to any one of claims 1 to 3 
the population of second polypeptide chains is 
in the same host organism calls as the 
population of first polypeptide chains, the method 
comprising the following additional steps s 

(a) forming an extracellular mixture of a 
population of soluble second polypeptide chains and rgdps 
15 displaying a population of first polypeptide chains? and 
<b> causing or allowing first and second 
polypeptide chains to come together to form the library 
of said multiple specific binding pair members. 



9, A method according to claim S wherein said 
is partially denatured before being renatured to c 
alto said first and second polypeptide chains to . 
together to form said library* 

10. A method according to claim 9 wherein the 
population of second polypeptide chains comprises 
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repertoire of polypeptides purified from a 



11, A method according to any one of claims I to 10 
5 wherein any of the populations of said polypeptide chains 
is derived frosts 

(£) the repertoire of rearrested 

»nes of an animal immunised with 

10 (ii) the repertoire of rearranged 

immunoglobulin genes of an animal not issmwnised with 



<ili) a repertoire of an artificially : 
globulin gene or genes? 
15 (iv) a repertoire of an immunoglobulin 



(v) a repertoire of aegpences derived 
germ-line immunoglobulin gene or genes; 

(vi) a repertoire of an immunoglobulin 

r genes artificially mutated by the introduction of 



(vii) a mixture of any of (A), (ii), 

fill). Civ), (v) and CviK 

25 12, A method according to any one of the preceding 

claims wherein said sop member comprises- a domain which 
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Is, or is homologous to , an immunoglobulin domain, 

13. A method according to any one of the preceding 
claims wherein the rgdp is a bacteriophage, the heat is a 

5 bacterium, and said component of the rgdp is a capsid 
protein for the bacteriophage 

14. A method according to claim 13 wherein the phage 
is a filamentous phage* 

10 

15. A. method according to claim 14 therein the phage 
is selected from the class 1 phages fd, £1, 1^1, 
Ike, za/Z f Ff and the class XX phages Kf, Pfl and P£3. 

15 16. A method according to claim 14 or claim IS wherein 
the first polypeptide chains are expressed as fusions 
with the gene III caps-id protein of phage fd or its 
counterpart in another filamentous phage , 

20 17. A method according to claim 16 wherein the first 
polypeptide chains are each inserted in the N~ terminal 
region of the mature oapsid protein downstream of a 
secretory leader peptide. 

25 18. A method according to any one of claims 13 to 17 
wherein the host is E.coii, 
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19, A method according to any one of the preceding 
claims wherein nucleic acid encoding en sbp member 
polypeptide is linked downstream to a viral caps id 
protein through a suppressible translationai scop codonu 

5 

20. A method according to any one of the preceding 
claims wherein rgdps formed by said expression are 
selected or screened to provide an individual sbp member 
or a mixed population of said sbp members associated in 

10 their respective rgdps with nucleic acid encoding a 
polypeptide chain thereof. 



21. A method according to claim 20 wherein the. rgdps 
are selected by affinity with a member complementary to 
15 said sbp member. 



22. A method according to claim 21 which t 



claim 22 
mpets with 
sbp membe: 



said rgdp for 



25 24, A method according to any one of claims 21 to 23 
wherein the rgdp is applied to said complementary sfop 



ton binding to said 



is 



A method according to any one of claims 20 to 24 
.n nucleic: acid derived from a selected or screened 
.s used to express said sbp member or a fragment or 
derivative thereof in a recombinant host organism. 

10 26. A method according to claim 20 wherein nucleic 
acid from on© or a?ore rgdp's is taken and used in a 
tether method to obtain an individual shp member or a 
m±m& population of sfep members, or polypeptide chain 
components thereof,, or encoding nucleic acid therefor. 



27. A method according to claim 26 wherein the nucleic 
acid taken encodes said first polypeptide chains and is 
introduced into a recombinant vector into which nucleic 
acid from a genetically diverse repertoire of nucleic 
acid encoding said second polypeptide chains is also 
introduced, or wherein the nucleic acid taken encodes 
said second polypeptide chains and is introduced into a 
recombinant vector into yi&cfc nucleic acid from a 
genetically diverse repertoire of nucleic acid encoding 
said first polypeptide chains la also introduced. 



C-MCSOTSTHTC OMCtT 



WO SJ/2879I 



pcr/GBM/oom 



85 

28.. A method according to claim 27 which includes the 
step of causing or allowing the recombinant vector to foe 
produced by intracellular recombination between a vector 
comprising nucleic acid encoding first polypeptide chain 
5 and a vector comprising nucleic acid encoding a second 
polypeptide chain. 

29* A method according to claim 28 wherein the 
intracellular recombination is promoted by inclusion in 
10 the vectors o£ sequences at which site-specific 

30. A method according to claim 29 wherein said 
resultant recossbinant vector comprises nucleic acid 
15 encoding a single chain Fv region derivative of an 




31. A method according to claim 29 or 30 wherein the 

20 sequences at which sifce-specifie recombination will occur 
are loxP sequences obtainable from coli phage Pi, and 
site- specific recombination is catalysed by Ore- 
recombinase, also obtainable from eolxphage PI. 

25 32, A method according to claim 31 wherein the Cre~ 
recombinase used is expressible under the control of a 
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regal at able promoter. 

33. A method according to any one of claims 28 to 32 
wherein the sector comprising nucleic acid encoding the 

5 first polypeptide chain is a phage or phagemid and the 
vector comprising nucleic acid encoding the second 
polypeptide chain is a piasmid, or the vector comprising 
nucleic acid encoding the first palm*m*$-* & chain is a 
piasmid and the vector comprising nucleic acid encoding 
10 the second polypeptide chain is a phage or phagamid, and 
the intracellular recombination takes place in a 
bacterial host which replicates plasoids preferentially 
gvbv phages or phagaMds, or which replicates phages or 
phagamids preferentially over plasmMs* 

15 

34, A method according to claim 33 wherein said 
bacterial host is a Pol& strain of E.coli or of another 
grain-negative bacterium. 

20 35. A method of producing multimeric specific binding 
pair (sbp) members, which method comprises 

(i) causing or allowing intracellular 
recombination between C'a> first vectors comprising 
nucleic acid encoding a population of a fission of a first 

25 polypeptide chain of a specific binding pair member and a 
component of a secreted repiicabie genetic display 
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package (rgdp) and (to) second vectors comprising nucleic 
acid encoding a population of a second polypeptide chain 
of a specific binding pair member, at least one of said 
populations being genetically diverse, the recombination 
5 resulting in recombinant vectors each of which comprises 
nucleic acid encoding a said polypeptides fusion and a 
said second polypeptide chain and capable of being 
packaged using said rgdp component; and 

(ii) expressing said polypeptide fusions and 
10 said second polypeptide chains, producing rgdps which 
display at their surface said first and second 
polypeptide chains and which each comprise nucleic acid 
encoding a said first polypeptide chain and a said second 
polypeptide chain. 

15 

36 « A method according to claim 35 whereia the 
intracellular racoetoination is promoted by inclusion in 
the vectors of sequences at which site- specific 
recombination will occur, 

20 

37. A method according to claim 36 wherein said 
resultant recombinant vector comprises nucleic acid 
encoding a single chain Fv region derivative of an 
immunoglobulin resulting from recombination between first 
25 and second vectors » 
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38. A mstboS according to claim 3.6. or claim 37 

wherein the sequences at which site-specific 
recombination will ocowr are IfixF sequences obtainable 
from coiiphage a»o site-specific recos&ination Is 
5 catalysed by Cre~re OT hinase, also obtainable from 
k FX, 



39, A method according to claim 38 wherein the Cre 
xecoffibinase used is expressible under the control of 

10 



40. A method according to any one of claims 36 to 39 
wherein the first vectors are phages or phagemids and th 
second vectors: are plaswids, or the first vectors are 
15 plasmids and the second vectors are phages or phsgemids, 
aha the intracellular recombination takes place in a 
bacterial host which replicates plasmids preferentially 



20 

41. h method according to claim 39 wherein said 
bacterial host is a Fola strain of K.coli or of another 



25 42. A method according to any one of claims 35 to 41 

wherein nucleic acid from one or more rgdp's is taken and 
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used in a further method to obtain an individual sop 
member or a $UKOd population of mhp mess >e 

polypeptide chain components thereof,, or encoding nucleic 
acid the re for » 

-5: 

43* A method of produoing on© or a selected population 
of multichain polypeptide members of a specific binding 
pair (sbp members) specific for a counterpart specific 
blading pair member of interest, which method comprises 

10 the following steps? 

(±) expressing from a vector in recombinant host 
organism cells a genetically diverse population of a 
first polypeptide chain of said multichain protein, fused 
to a component of a replieabia genetic display package 

IS (rgdp) which thereby displays said polypeptide chains at 
the surface ot rgdps ; 

(ii) combining said population with a unique or 
restricted population of second polypeptide chains of 
said multichain sbp members, not being expressed from the 

20 same vector as said population of first polypeptide 
chains, said combining forming a library of said 
multichain sbp members displayed by rgdps, said 
genetically diverse population being expressed from 
nucleic acid which is capable of being packaged using 

25 said rgdp component, whereby the genetic material of each 
said rgdp encodes a said first polypeptide chain? 
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(III) selecting by affinity with said counterpart: sbp 
member of interest Multichain sbp meters specific for 
said counterpart sbp member associated in their 
respective rgdps mim nucleic acid encoding a said first 
polypeptide chain thereof? 

Civ) combining said first polypeptide chains of 
multichain sbp rabera selected In step (lil) with a 
genetically diverse population of second polypeptide 
chains of multichain sbp mmlbars, the said second 
polypeptide Chains being fused to a component of a rgdp 
which thereby displays the® at the surface of rgdps, the 
said combining in this step (iv) forming a library of 

>p members from which one or more multichain 



15 selectable by affinity with it.. 

44. A method according to claim 43 wherein said 
multichain sop members are antibodies, or other mem] 
of the immunoglobulin family, or binding fragments 



45, A method according to claim 44 wherein each of 
said second chains combined in step (11) comprise a 
variable domain derived from a non- human animal antibody 
25 specific for the antigen of interest.. 
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46, A method 8C«OKd4ng t© ■ claim 45 wherein said second 
polypeptide chains are chlssaaric, comprising a human 
antibody domain* 

S 47. A method according to claim 46 wherein said human 
antibody domain comprises Cyl. 

48. A method according to any one of claims 44 to 47 
comprising an additional step (v) wherein humanised 

10 antibodies for said antigen are selected by affinity with 
it* 

49, A kit for use in carrying out a method according 
to any one of claims 1-48, said kit having the following 

IS components in additional to ancillary components required 
for carrying otst the method; 

(i) a vector having the following features; 
(a) an origin of replication for single- stranded 
bacteriophage, (b) a restriction site for insertion of 

20 nucleic acid encoding or a polypeptide component of an 

sfop member, (c) said restriction site being in the 5* end 
region of the mature coding sequence of a phage capsid 
protein, and (d) with a secretory leader sequence 
upstream of said site which directs a fusion of the 

25 capsM protein and sbp polypeptide to the peripiasmic 
space of a bacterial host; and (11) another vector, 
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having some, or all of the features (a), (b), (o) and {<$) 
of the vector describe in (i) ♦ 

50, A kit for use in carrying out a method according 
S to any one of clalaus 36 to 41 having the following 

components in addition to ancillary components required 
for carrying out the method? 

(i) a first vector having the following features s 
(a) a restriction site for insertion of nucleic acid 
10 encoding or a polypeptide component of an sbp member, Co) 
seid restriction site being in the S » end region of the 
mature coding seguanee of a phage eapsid protein, and (c) 
with a secretory leader sequence upstream of sa 



15 polypeptide to the periplastic space of a bacterial host? 
and 

{11} a second vector having a restriction site for 
insertion of nucleic acid encoding a second said 
polypeptide chain, 
20 {ill) at least one of the vectors having an origin of 
replication for single-stranded bacteriophage, and 
|iv> the vectors having i 

. will occur. 
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